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fw  of  tho  Indopendonoo  of  the  Uirited  Siaiei  of  Aiaeviea,  RICRARD80N  &  LORD,  of  th« 
paid  dintriet,  have  depoeitMl  in  tbie  office  the  title  of  a  book,  the  right  whereof  tJicy  claim  ae  pro- 
prietor!, in  the  w«r^  follerwlivt  ^  "a^-*  • 

**  A  Maonal  of  Chemistry,  on  tlie  baBli  of  Profeieor  Brando*i ;  eontatninf  the  principal  fticte  of 
the  BeieoAe,  arranfed  in  the  order  in  which  they  are  diicniwd  and  illoetrated  in  the  Lpctoree  at 
Harrard  Univeraity,  N.  E.;  the  United  Btatee  lUlttary  Aoademy,  lYeet  Point;  Brown  University, 
Anborft,  and  several  other  eoiiegee  ia  the  United  States.  Compiled  from  the  works  of  the  most 
distinfoished  Chemists.  Dtsifoed  as  a  text  book  for  the  ose  of  students  end  persons  ettendioff 
Lectures  on  Chemistry.  The  iSeeond  Edition,  cwnpreiending  the  recent  discoveries,  and  illostratsd 
with  nine  pistes  and  several  cnmvings  on  wood.  By  John  W.  Webster,  M.  D*  Erving  E^ofessor 
of  Gbaaiiatty  Md  Mtnecalogy  in  Harvard  University/' 
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of  such  copies,  daring  the  times  therein  mentioned  :**  and  also  to  an  Act  entitled  "  An  Act  snpple- 
nentary  to  an  Aet,  entitled,  An  Act  for  the  encoaragoment  of  Lenming,  by  secnriqg  the  Copies  of 
Maps,  Charts,  and  B6oks,  to  the  Auiliort  and  Proprietors  of  snrh  Copies  dunpg  the  times  Uierein 
mentioned ;  and  exteding  the  benelits  thereof  to  the  Arts  of  Designing,  Engraviqg  and  Etching 
Bistorieal  and  other  Prints." 
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TO  THE  8BCOND  ^DITIOlf . 

♦  -  -  ?  . 

THE  hftBM  of  this  wojrk  » the  cxceltent  Maiiiial>or  Frofe^or 
Brande;  it  cooftfiosill  the  striollfichBHiical  part  of  Ibii  volume, 
with  such  modificatioQs  as  the  progposs^of  <\heiiustry  has  ren- 
dered necessary.  AH  that  part  of  Professor  Brande's  work 
which  relates  to  Mineralogy  and  Geology  has  been  omitted  ; 
Its  place  being  supplied  with  more  full  descriptions  of  the 
chemical  propertie»^rf  iadiridnatf  aMbslances,  and  with  move 
ample  directions  for  the  practical  student. 

The  object  of  the  compiler  having  been  to  place  in  the  bands 
of  students  of  cheihistry  a  compendium  of  the  leading  facts  and 
opinions  upon  which  the  scieaca  is  founded,  he  has  endeavoured 
not  to  limit  the  student  to  any  particular  theories,  but  to  sketch 
the  outline*  -of  those  of  the  most  tmiheiMI  writers,  leaving  ,to 
the  teacher  the  discussioo  of  their  various  merits.  In'  most 
cases  the  extracts  from  other  writers  ha^e  been  made  without 
alteratioQy  except  where  it  was  required  to  give  a  greater  degree 
of  uniformity  to  the  phraseology.  The  extracts  are  designated 
by  the  first  letter  of  the  writer's  name,  and  references  are  given 
to  the  volume  and  page  for  the  convenience  of  those  who  may 
wish  to  consult  the  original  memoii's. 

Some  of  the  statements  in  regard  to  individual  substances 
will  be  found  to  differ  occasionally  in  different  parts  of  the 
work.  This  has  arisen  from  the  circumstance  that  new  experi- 
ments and  new  views  have  been  continually  appearing  in  the. 
Scientific  Journals  received  from  abroad,  and  the  insertion  of 
these  has  been  deemed  necessary  to  fulfil  the  object  of  the  work. 

Several  alterations  and  improvements  have  been  made  in  the 
present  edition.  Many  valuable  practical  directions  have  been 
introduced  from  Mr  Faraday's  late  work  on  Chemical  Manipu- 
laiiafif  and  the  section  on  the  Analysis  of  Minerals  from  Dr 
Turner's  Elements  has  been  substituted  for  that  originally 
inserted   in  the  first  edition.      Several  useful  tables  and  a 
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description  of  Dr  Wollaslon's  Scale  hare  been  placed  in  aa 
appendix.  In  the  addenda  will  be  found  an  account  of  such 
discoveries,  as  could  not,  from  the  date  of  their  publication,  be 
noticed  in  their  proper  places. 

To  the  gentlemen  who  have  aided  the  compiler  by  their 
advice  and  assistance,  who  have  kindly  pointed  out  errors  of 
the  prev,  and  su^ge^led  impt'ovements/ Specially  Professor 
Torrey,  and  Lieuts.  Hopkins  and  Mather  of  the  U.  S.  Military 
Academy,  Samuel  Moore,  Esq.  Director  of  the  IJ.S.  Mint,  and 
others,  he  begs  leave  thus  publicly  to  express  his  obligations. 

The  doknmuiiicaiidn  df  any  errors  which  have  escaped  notice 
•  in  the  'pl^edt  edition,  will  Jbegralef«Uy  received. 

Cambridge^  Dec.  1696. 


I  I 


NOTE. 

The  letter  U  raftn  to  Dtfy's  EknumU  •/  CktiwUmL  PhOMOfb^. 
H       ^«        HeDrj^       ''  Chemuiry. 

Ure*i  Dieiionaty  of  Chemuiry, 
Mnmy^a  Syti^m  of       do. 

ThoiDf oD^a    do.  do.    and  AlUmpl  to  iMtablith  tht 

first  Prmeiplef  of  Chemiotry  by  E^erimontf  mi<! 
Toroei^a  ElemtnU* 
V       *^        Faraday^a  Ckemieal  Manipulation, 
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EXPLANATION  OF  PLATES  VOL  AND  IX- 


Plate  VIII.  is  a  ground  plan  qf  the  Chemical  Laboratory 
and  Lecture  Room  in  Harvard  College. 

A  li  a  part  appropriated  to  the  audiencr,  a  entrance. 

B  I^  the  body  of  (be  laboratory  b  lecture  table  containing  t  e  cisterns  for 
gates  fiirniahed  with  f>top-cock»  projecting  throagh  tbe  covers,  which  can  be 
removed  when  large  jnrs  are  te  be  filled.  To  tbe  rtnp.cockn  flexible  tohe^  may 
be  connected  to  form  the  oxj-lijdrogen  blow-pipe,  th^*  tubet  commnnicating 
with  a  jet  formed  of  two  conef,  see  section  (fig.  16,  pi.  9)  d^  pnenmatic  table, 
(ftg.  73,  pi.  3.)  e,  furnace  stove.  /,  mercurial  cistern,  (pi.  3,  fig.  76  )  g, 
Tabl4  with  electrical  machine,  h^  Table  with  air  poiap.  i  i  i  »,  Cases  for 
apparatus,     ft.  Large  Calorimotor.    i,  Deflagrator^    m,  Small  univerfal  furnace. 

C  Table  with  drawers  in  the  form  of  a  double  cross,  for  tbe  general  uses  of 
tbe  toboratofy. 

D  Table  with  vicf,  aovils^  mortarit  filfSi  iic, 

fi  Table  witb  balances  in  glazed  cases. 

F  Smaller  thble. 

O  Sink,  pump,  bottle  racks,  &c« 

1,  Sand  bath.  9,  a  furnace  for  tbe  production  of  oxygen  and  other  gases. 
S,  Wind  furnace  with  air  flues  (13)  under  the  floor  of  the  laboratory.  See  Sec- 
tion (pi.  9,  t^X'  S)*  4)  Assay  furnace.  5,  Forge.  6^  A  copper  boiler,  (plate 
iv.  fig.  97,)  &c«  7^  Refrigeratory.  8,  Anrrl.  9,  Universal  furnace,  (fig.  3,  pi. 
9).  10,  Copper  gasometer,  from  which  tubes  paM  into  the  lecture  room.  11, 
Oat  bolder*.  12,  Racks,  with  test  tubes,  &c.  (see  figs.  17  and  18,  pi.  9).  14, 
Laige  Mortar.    16,  Door  oommunicating  with  the  lecture  room. 

Plate  IX.  exhibits  sections  qf  the  furnaces^  and  views  qf 
seneral  nse/iil  parts  of  the  apparatus  not  described  m  the 
^y  qf  the  worky 

Fig.  1  ia  a  section  of  the  sand  Aiimaoe,  1  Tl.  8. 

S  b  a  ditto  of  tbe  wind  ditto,  3  PI.  8.  a  is  a  flne  commnnicating  with 
tbe  exterior  of  the  building  for  the  admission  of  cold  air  to  tbe  fire  place,  h 
the  ath-pit.  c  a  plate  of  irup  (o  direct  the  current  of  air  through  the  grate  i. 
t  a  moveable  coTer.   /  the  chimney. 

3  Knigbt^s  improved  Black^s  portable  furnace,  a  iron  kettle  to  contain  sand, 
which  fits  into  the  opening  at  the  top  of  the  furnace,  h  a  cover,  t  aperture 
la  which  there  is  a  corresponding  one  on  the  opposite  side  for  the  admission  of 
i  tube  to  pass  through  the  furnace. 

4  A  cupelling  or  enamelling  furnace,  a  the  ash-pit.  c  the  grate,  d  the 
■vflk.  e  tbe  opening  for  introducing  the  muflle.  /  the  chimney,  g  the 
«ofer. 

5  A  portable  furnace  of  earthen  wire  which  may  be  placed  on  a  table. 
These  furnaces  are  ttanufactved  by  Mr  Miller,  of  PbOadelphaa,  and  an  con- 
v«sicnt  for  many  purposes. 

€  A  filleting  bag.    7, 8  and  9  Evaporating  basifis. 


^iii  SXPLAVATlOlf  OV  VLATKp* 

10  A  pUtinom  enicible  and  cover.    11  Skittle  ahaped  crocible.    It  Cor 
ered  do.    13  An  iron  ring  covered  with  clolb  for  rapportittg^  retorti. 

14  A  fmall  Calorimotor  for  exploding  gaset  bj  tbe  ignition  of  a  fine  platioo 
wire,  in  the  glass   vettel  6g.  15.    The  vessel  having  been  filled  with 
mixed  gasef,  by  means  of.  tbe  AI^^dlp,  li  plaoed  vpoii  tbe  or^sp  kfir  of  tl 
Calorimotor  and   the  thick  wires  a  a,   which  are  connected  bj  the  fi 
platinum  wire  fr,  are  brought  in  contact  with  the  poles  of  the  calorino 
by  means  of  the  screws  e  a^  tig.  14.    A   oopper  ve*«e]«  coated  within  ai 
without  with  cement,  is  represented  beneath  the  plates  of  the  instrume 
The  contact   being  made,  the  copper  vessel  containing  the  liquor  ib  rai 
imtil  the  plates  are  immersed,  when  the  small  wire  b  is  instantly  ignitetH    Per 
a  full  account  of  this  most  convenient  apparatus  see  Dr  HareH  dctc^ptioDl 
the  American  Journal  of  Science,  vol.  x.  67.  4 

16  Jet  for  the  oxy -hydrogen  blow-pipe,  formed  of  two  cones,  with  an  infltf  i 
vcniiig  rpace.    m  an  internal  screw  communicating  with  the  »pace  fre/toeen  4 
coiief  i  6  a  similar  scre#  communicating  only  with  the  timer  cone.    The  ga4  i 
iMiic  at  the  orifices  c,  and  either  gas  may  be  made  to  surrouhd  thet>lher«       *  \ 

17  A  filtering  stand.  '!  ,   ^ 

18  A  rack  for  test-glasies.  '  f 

19  A  small  anvil.  *  ;^ 
SO  Alcohol  blow-pipe,  a  a  spherical  copper  vessel  furnished  with  a  aafll   \ 

valve  h  ;  the  alcohol  being  made  to  boil  by  the  fiame  of  tlie  lamp  eA 
vapour  passes  out  throngh  the  Jet  d,  just  above  the  wiok  of  the  lamp,  wlj 
inflamet  it.  ' 

21  U  the  muffle  represented  at  d,  fig.  4.  ^ 

22  Precipitating  jars.  '* 

23  Tleffian  crucibles.  ^ 

24  The  principal  varieties  of  tonga  useful  in  the  laboratory.  ^ 

25  A  lonf  funnel  for  introducing  fiqulds  Into  tetorts  wKbovt  soiling 
necks. 

26  An  adopter  for  lengthening  the  necks  of  retorts.  i 
Fig.  27,  is  a  vertical  section  of  one  of  the  cisterns  within  the  lectitre  l| 

(r  c  df  plate  viti.)  One  half  of  each  is  covered  to  as  to  $9iak  an  air-llglyt'^ 
the  partiiioD,  which  divides  the  cirtera  and  /orms  eae  aide  of  the  bov,  dveqij 
ing  to  within  two  inches  of  tbe  bottom,  d,  a  are  two  air-oocks,  ont  v'ecll 
the  other  horixontal.  The  air-cocks  being  open  tbe  cistern  is  filled  with  «/ j 
they  are  then  closed,  and  the  cock  at/  opened  which  allows  the  walks'' 
escape  till  tbe  lower  edge  ui  tbe  partition  is  nearly  uncovered ;  the  watei 
maining  within  the  box  a.  A  tube  c  passes  down  the  side  of  the  oieterir 
along  its  bottom,  turning  up  under  the  partition  \  through  this  any  gaa  mal 
introduced,  whicb,  riMog,  displaces  the  water  in  a,  causing  it  to  pasa  into 
other  part  of  the  cistern  6.  When  the  gas  is  wanted  for  use  it  is  only  o« 
sary  to  open  one  of  the  air-cocks  e,  d,  and  the  water  in  6  falling  expela  th# 
from  a  through  it,  where  it  may  be  received  in  air  jars  placed  over  tbe  J 
zontal  cock,  cr  be  allowed  to  pass  into  a  tube  screwed  upon  d. 
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MANUAL  OF  CHEMISTRY. 


CHAPTER  L 

•V   THE     POWERS   AVD    PHOPBKTIS8    OF   HATTKB,    ARD  OF  TBB 
eBBERAL   LAWS  OF   CHEMICAL   CHABOBS. 

1.  It  is  the  object  of  Chemistry  to  investigate  all  changes  in  oi^  ^ 
the  constitution  of  matter,  whether  effected  by  heat,  mixture,  "  '  ^ 
or  other  means.* 

Most  of  the  substances  belonging  to  our  globe  are  constantly- 
undergoing  alterations  in  sensible  qualities,  and  one  variety  of 
matter  becomes  as  it  were  transmuted  into  another. .  $uch 
changes,  whether  natural  or  artificial,  whether  slowly  m"rapidiy 
performed,  are  called  chemical ;  thus  the  gradual  and  almost 
imperceptible  decay  of  the  leaves  and  branches  of  a  fallen  tree 
exposed  to  the  atmosphere,  and  the  rapid  combustion  of  wood 
io  our  fires,  are  both  chemical  operations.  The  object  of  chemi- 
cal philosophy  is  to  ascertain  the  causes  of  all  phenomena  of  this 
kind,  and  to  discover  the  laws  by  which  they  are  ffoverned.t 
The  ends  of  this  branch  of  knowledge  are  the  application  of 
natural  substances  to  new  uses,  for  increasing  the  comforts  and 


*  Tb9  woid  OffiBfiiry  Menu  to  be  of  Egypiian  ori^,  «nd  to  have  beoa  oriffaMlly  aquhralenito 
ovr  phrase  %alwr§l  pkilMopkif  in  iti  moet  exteosive  mdw.  In  procen  of  time  it  leema  to  hav^ 
seqaired  a  nore  Knited  tifnifleation,  and  to  haTe  been  eoofined  to  tlU  art  0/  working  meUit,  b 
dM  tiiird  eealaiT,  we  Sad  it  and  in  a  moek  Bsora  Hautad  aenee,  ilfniiyinf  the  mrt  •/  mtMug  gM. 
mmd  gOmtr.  Thoee  who  piofeesed  thie  artsraduelly  aaramed  the  form  of  a  aect,  under  the  name  of 
Alehemiato ;  a  term  which  is  anppoaed  to  be  merely  the  word  tkamUt^  with  the  Arabian  attlole  ol 
prefixed.  The  great  object  of  the  alehemiata  was  to  find  out  the  means  of  converting  the  baser  metali 
Io  fold,  and  the  grand  instrument  by  which  this  was  to  be  eflhcted  was  the  philoeopher^a  stoM. 
T.  i.  19. 


'  is  Ae  saia—e  wUeh  treats  of  those  events  and  ohanges  in  aaliind  bottas,  whinh  art 
m^  -m^,i— ted  by  semible  motlans.    T.i.]& 

Vim  the  olgset  of  Cheoustiy,  to  discover  and  expiain  the  ohanges  of  aoapoaitioa  that  oaow  iWMiWf 
tha  iBlccraflA  and  eenetitucnt  parts  of  dilferent  bodies.    H.  i.  IS. 

dMimistry  investigalee  thoea  aetaons  which  are  exerted  between  the  minrte  partidee  of  isattar,  aft 
dialanoaa  altatalbat  inpeBeeptihle,  eanaiBf  them  to  peas  into  mw  arranffaoMnii  and  oomUoatioMy 
whence  the  piopartise  of  the  bodies  aeted  cm  are  ohaaged,  their  eonsiiftioa  issubvanod,  and  new 
BMbstaanrs  ai«  fiwmed.  In  confinmiQr  to  these  views  tlie  scieaoe  may  be  defioedi  as  that  which 
tea  tlM  cembiaations  of  matter  and  the  agencies  of  thoee  genaial  powen  wlMnce  thaae  een- 
are  established  and  tabvertad.    M.  i.  1,4. 


2  Attraction*  chap.  z. 

enjoyments  of  man,  and  the  demonstration  of  the  order,  har- 
FooDdatiou  ™0Qy»  ^^^  intelligent  design  of  the  system  of  the  earth. 
ofdiM^Gai        The  foundations  of  chemical  philosophy  are  observation,  ex- 
^'    perimenti  and  analogy.     By  observation,  facts  are  distinctly 
and   minutely  impressed  on  the  mind.     By  analogy,  similar 
facts  are  connected.     By  experiment,  new  facts  are  discovered  \ 
and  in  the  progression  of  knowledge,  observation,  guided  by 
analogy  leads  to  experiment,  and  analogy  confirmed  by  experi-^ 
ment,  becomes  scientific  truth.     D.  1,  2.* 
Amngt-  2.  The  general  range  of  Chemistry,  is  so  extensive,  and  the 

"^^  individual  cases  requiring  explanation,  are  so  numerous,  that 

arrangement  is  of  the  first  consequence  to  its  successful  study ; 
and  in  the  present  state  of  our  knowledge,  it  will  be  found 
most  convenient  to  begin  with  iYA  discussion's  relating  to  the 
general  powers  or  properties  of  matteif,  and  afterwards  to  pro- 
ceed to  the  examination  of  individual  substances,  and  to  the 
pb^flottiena  which  thdy  offer  when  presented  to  each  olhdr 
under  circumstances  favourable  to  the  exertioa  of  their  mutual 
chemical  agencies. 

3.  The  powers  and  properties  of  matter,  connected  with 
chemical  changes^  may  be  considered  oader  tile  beads  of 

1.  Attraction. 

2.  Heat. 

3.  Electricity. 

Sflcrton  I.    JUtratti&n. 

Atiraetion  at  ^'  ^^^  bodies  Composing  the  material  system  of  tlie  universe 
wonbie  d»  have  a  motual  tendency  to  approach  each  other,  whatsoever 
may  be  the  distances  at  which  they  are  plaeed.  The  operation 
of  this  force  extends  to  the  rettiotest  pairts  of  the  planetary 
system,  and  is  one  of  the  causes  that  preserve  the  regularity  of 
their  orbits.  The  smaller  bodies,  also,  that  are  under  our  more 
immediate  observation,  are  influenced  by  the  same  power,  and 
^I  to  the  earth's  surface,  when  not  prevented  by  the  inter- 
ference of  other  forces.  From  these  facts  tlie  existence  of  a 
■  ■ '        ,  —     . ,  ■  .  ■  ,,  „  .    .       ■  -.   .  .  ^  -  ^ 

*  To  fire  an  instance — Whoever  will  eoniider  the  dender  green  Tegetablo  filamento  (eottfarvm 
rhulwris)  which  in  sujnmer  eaiat  '»  almoat  all  atf«ama»  lafcea,  or  poola,  onder  the  different  cucam- 
ataneea  of  ihade  and  luoihine,  will  diacoTor  globules  of  air  upon  the  filameats  exposed  under  watei 
to  the  snUf  but  no  air  on  the  filaments  that  are  shaded.  He  will  find  that  the  efiect  is  owing  to  tba 
jjHtimae  of  fight.  Tfaie  It  an  oifcaii'Batliii;  b«t  it  fi«M  no  taftnutthMi  wapemhig  tfw  mmt*  6f 
the  air.  Let  a  wine  glass  filled  with  watofHie  inverted  ovnr  the  emterK,  Mm  air  will  Mttaet  ia  tfes 
Hunter  p«rt  of  awglasSf  and  when  ttoflMiii  filled  with  air,  it  iMf  b*  eloaed  by  the  hand;  ^oedin 
its  nsoaj  position,  and  an  ii^ilanied  taper  iatloduoad  into  it,  the  taper  will  barn  with  imm  brilliancy 
Ifaaa  in  the  aftnoephera.  This  is  an  espertaenl.  If  the  phenonNaa  are  reaaoaed  upon  and  the  qvea- 
tiea  ie  pot,  whetker  all  Tegciablee  of  this  kind,  la  finah  or  ia  anil  water,  do  aot  prodnee  aaeh  air  nndir 
likeeireameiaaeee,  the  iaquhar  hi  goMed  by  aaalsfy  ;  aad  whea  tMaia-deiarariaed  te  betha  oaM  by 
new  trials,  a  gmeni  »ci^t^  tnM,  is  eetaUiriMd ;  that  all  eonAffvtt  In  the  waeA^m  pvodaee  a 
apedes  of  air  that  sapporti  fiaaw in  a  sopertot  degree;  wUoh  baa  been  aiowa  ta  bftlhe  eaaa by 
vaxiotts  niaute  investigationt.    D.  1. 2, 3. 
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property  has  beta  iofemd,  which  has  been  called  uHraeiion, 
or  mora  apectfically,  the  aiiraetion  of  gramtatUm.  Its  nature 
ia  eottrely  uoksown  to  us.  The  attraction  between  these  bodies 
takes  place  at  sensible  distances ;  it  exists  in  all  known  forms  of 
matter  \  and  it  acts  upon  them  directly  as  the  mass,  and  inversely 
as  the  aqotf  e  of  the  distance. 

5.  From  reytewing  bodies  in  the  aggregate,  we  may  next  putieieiof 
proceed  to  contemplate  them  as  composed  of  minute  particles.  ^*^*^^' 
Of  the  nature  of  these  particles  we  have  no  satisfactory  evidence. 

Id  simple  bodies  the  particles  must  be  all  of  the  same  nature, 
or  hotnogenwfu.  In  compound  bodies,  we  are  to  understand 
by  the  term  particles,  the  soMillest  parts  into  which  bodies  can 
he  resolved  without  decomposition.  The  word  aiam  has  of  Atmu. 
late  been  revived ,  to  denote  both  these  kinds  of  particles  ;  and 
we  may  therefore,'  speak  with  prq>riety  oC  simple  atoms  and  of 
eon^found  atoms*  When  two  atoms  of  different  kinds  unite 
to  form  a  third  or  compound  atom,  we  may  term  the  t^wo  first 
component  atoms;  and  if  these  have  not  been  decomposed,  they 
may  be  ealled  elemen/tary  or  primary  atoms.    H«  1,  88. 

6.  Attraction  'is  exerted  between  these  minute  particles,  or  ^tt»«^"  *^ 
atoms,  when  they  are  placed  in  apparent  contact,  ana  is  effective  ^Sm. 
only  at  insensible  distances.     This  has  been  called  contiguous 
attraction,  and  has  been  distinguished  as  it  is  exerted  between 
particles  of  matter  of  the  same  kind,  or  between  particles  of  a 
different  kind.     When  the  particles  of  the  same  kind  are  united 

to  form  an  aggregate  or  mass,  they  are  sometimes  said  to  be  ^'^^^ 
united  by  the  a^nity  of  aggregation,  the  cohesive  affinity,  or 
by  that  force  or  power  termed  cohesion. 

7.  The  attraction  which  is  exerted  at  insensible  distances,  ^g^^  ^ 
preserves  the  form,  and  modifies  the  texture  of  solids,  gives 

•  spherical  figure  to  fiuids,  causes  the  adhesion  of  surCetces^  and 
infliienoes  the  mechanical  characters  of  bodies. 

8.  In  solida  its  force  is  exerted  with  the  greatest  intensity ; 

in  liquids  it  acts  with  much  less  energy ;  and  in  aeriform  bodies  ^imT' 
it  is  doubtful  if  it  exists  at  all :  thus  water  in  a  solid  state  has  con- 
eideraUe  cohesion,  which  is  much  diminished  when  it  becomes 
liquid,  and  is  entirely  destroyed  as  soon  as  it  is  changed  into 
Tapour. 

The  force  of  cohesion  in  solid  bodies  is  measured  by  the  . 
weight  necessary  to  break  them,  or  rather  to  pull  them  asunder.  *°'^^'^' 

9.  In  liquids  the  force  of  cohesion  is  demonstrated  by  the  1^  i^miAa, 
spherical  figure  which  they  assume,  when  suffered  to  form  drops. 

The  drop  is  spherical  because  each  particle  of  the  fluid  exerts  an 
equal  force  in  every  direction,  drawing  other  particles  towards 
it  on  every  side,  as  far  as  its  power  extends.  To  the  same  cause 
is  owing  the  property  possessed  by  all  liquids  of  remaining 
heaped  up  above  the  brims  of  the  vessels  which  contain  them« 
The  force  of  cohesion  varies  in  different  liquids,  as  it  does  in 
diflbrent  solids  and  hence  the  size  of  their  respective  drops  must 
also  vary. 
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10.  When  attraction  operates  upon  diesitmUmr  pertielea,  it 
produces  their  union,  giving  rise  to  new  and  infinitely  varied 
productions.  It  is  this  kind  of  attraction  which  is  distinguish* 
ed  as  heierogeneous ;  it  is  also  called  Chemical  attraction,  or 
Affinity. 

11.  The  results  of  attraction,  as  relating  to  the  texture  and 
forms  of  matter,  are  influenced  by  the  eircumstaaces  under 
which  it  has  taken  place.  Sometimes  the  particles  are,  as  it 
were  indiscriminately  collected  ;  and  at  others  they  aore  beauti" 
fully  arranged,  giving  rise  to  regular  and  determinate  figures: 
in  this  case,  bodies  of  the  same  composition  almost  invariably 
afiiect  the  same  form ;  hence  we  are  often  enabled  to  infer  the 
composition  of  a  substance  from  accurate  inspection  of  its  ezter* 
nal  or  mechanical  characters. 

1%.  The  regular  polyedral  solids  thus  resulting  from  the 
influence  of  attraction  upon  certain  kinds  of  matter,  are  uanally 
called  crystals  ;*  and  the  bodies  are  said  to  be  susceptible  of 
crystallization* 

13.  To  enable  the  particles  of  bodies  to  assume  that  regular 
form  which  crystals  exhibit,  it  is  obvious  that  they  must  have 
freedom  of  motion  ;  and  accordingly  the  .first  step  towards 
obtaining  a  body  in  its  crystalline  form,  is  usually  to  confer 
upon  it  either  the  liquid  or  aeriform  state.  This  is  efiected 
by  solution,  or  by  exposure  to  heat. 

14.  The  experiments  of  Mr  Wattt  and  others  have  shown 
that  under  some  circumstances  a  body  not  crystalline  may  be- 
come so  without  changing  its  state  of  solidity.  The  crystalliza- 
tion of  cooling  basalt,  of  heated  glass,  or  even  .the  spontaneous 
change  of  brass  wire,  which  in  a  few  y^ears  becomes  brittle,  are 
all  effects  of  this  kind. 

15.  The  term,  soltUionf  is  applied  to  a  vecy  extensive  clasi 
of  phenomena.  When  a  solid  disappears  in  a  liquid,  if  the  comr 
pound  exhibit  perfect  transparency,  we  have  an  example  of 
solution.  The  expression  is  applied  both  to  the  act  of  combi- 
nation, and  to  the  result  of  the  process.  When  common  salt, 
such  as  is  used  in  cookery,  is  agitated  with  water,  it  disap- 
pears ;  in  other  words,  its  solution  takes  place ;  and  we  also 
term  the  liquid  which  is  obtained,  a  solution  qf  salt  in  water. 
This  is  one  of  the  simplest  cases  that  can  be  adduced  of  the 
efficiency  of  chemical  attraction ;  for  solution  is  always  the  result 
of  an  attraction  or  affinity,  between  the  fluid  and  the  solid  which 
is  acted  upon,  feeble  it  is  true,  yet  sufficient  in  force  to  over- 
come the  cohesion  of  the  solid.  The  affinity  continues  to  act 
until  at  length  a  certain  point  is  attained,  where  the  affinity  of 
the  solid  and  fluid  for  each  other  is  overbalanced  by  the  cohesion 
of  the  solid,  and  the  solution  cannot  be  carried  &rther.  This 
point  is  called  saturation^  and  the  fluid  obtained  is  termed  a 
saturated  solution.    H.  1.  31. 


*  From  X{^m(AXer,  loe. 
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16.  The  pftrticles  of  the  salt  may  be  regarded  as  disposed  at 
regular  distances  throu^out  the  fluid  ;  and  if  the  quantity  of 
water  be  eonsiderabie,  the  particles  will  be  too  far  asunder  to 
exert  reciprocal  attraction  ;  in  other  words,  they  will  be  more 
powerfully  attracted  by  the  water  than  by  each  other.  If  we 
DOW  slowly  get  rtd  of  a  portion  of  the  water,  the  saline  particles 
will  gradually  approach  each  other,  and  they  will  aggregate 
according  to  certain  laws  producing  a  regular  solid  of  a  cubic 
form. 

17.  In  addition  to  what  has  been  stated  (13)  there  are  two  otberobjeeu 
other  great  and  general  objects  to  be  gained  by  solution,  which  ^^'^'i^^®''' 
render  it  a  process  of  constant  occurrence  in  the  laboratory. 

The  first  is  that  of  preparing  substances  for  the  exertion  of 
chemical  action.  The  second  is  that  of  separating  one  substance 
from  another;  this  being  continually  effected  by  the  use  of  such 
flnids  as  have  a  solvent  power  over  one  or  more  of  the  substances 
present.  Water  is  the  great  solvent  whose  aid  is  first  to  be 
called  in  ;  others  are  to  be  resorted  to  only  when  that  is  insujfi- 
cient.  So  general  and  important  is  its  use,  that  in  speaking 
simply  of  the  solobility  of  a  body,  water  is  always  understood 
to  ft>e  referred  ta.  The  solubility  of  a  body  may  be  tried  by  Boiobmty, 
suspendhig  a  piece  of  it  in  a  glass  of  clean  undisturbed  water ;  ^<>^  ^"^' 
if  it  be  soluble  a  descending  current  will  be  seen  to  fall  from  it, 
sffid  be  visible  upon  looking  through  the  water  horizontally.  If 
it  fall  rapidly  and  in  dense  striae,  it  will  indicate  rapid  solubility, 
and  tb^  formation  of  a  dense  solution ;  if  it  fall  in  a  very  narrow 
stream,  it  will  indicate  only  moderate  or  slight  solubility ;  and 
by  its  descending  rapidly  or  in  a  slow  broad  stream,  or  by 
resting  about  the  substance,  a  judgment  may  be  made  of  the 
comparative  density  of  the  solution  produced.  If  no  descending 
current  appear,  nor  any  fluid  round  the  substance  of  a  refractive 
power  or  colour  different  to  that  of  the  water,  then  the  body 
must  be  very  nearly  if  not  quite  insoluble  at  common  tempera* 
turea* 

If  the  substance  appear  to  be  insoluble,  or  if  it  be  necessary 
to  know  whether  it  be  soluble  in  alcohol,  ether,  oils,  or  any 
other  body,  for  the  purpose  of  selecting  a  solvent  from  among 
them,  a  portion  should  be  pulverized  finely,  and  introduced  into 
a  small  tube  with  a  little  of  the  fluid  to  be  ti!ied,  and  heated  ;  if 
the  substance  disappear,  it  is  of  course  soluble.  But  if  it  be 
supposed  to  be  a  mixed  body,  and  partly  soluble,  though  not  alto- 
gether so,  then  the  presumed  solution  should  be  poured  from 
the  tube  into  an  earthenware  or  platinum  capsule,  (pi.  ix.  figs. 
8,  9  )  and  evaporated  carefully  and  slowly;  if  any  substance 
remain,  it  of  course  indicates  a  degree  of  solubility.     F.  16S. 

18.  A  solution  saturated  when  cold,  may  be  often  obtained  Metiiodofob. 
much  more  speedily  by  the  aid  of  heat,  as  by  boiling  the  sub-  ^^^^^^^^^ 
stance  with  water,  leaving  it  to%ool,  and  afterwards  filtering  it,  lutioo. 
when  a  saturated  solution   will  be  at  once  obtained.      If  the 
BolulioD  while  cooling  deposits  any  portion  of  the  solid,^  it 
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proves  the  saturation,  if  it  does  tHi^,  there  is  reason  to  doobt  it, 

and  heat  with  more  of  the  solid  sobstiiooe  in  powder  shooU 

again  be  applied.     The  solution  may  also  be  tested  while  hot 

by  dipping  into  it  a  glass  rod,  and  thus  transferring  a  drop  to  a 

eold  glass  plate,  if  crystals  or  solid  substance  appear  in  a  few 

moments,  the  solution  will  be  saturated  when  cold.     Sometimes 

this  effect  will  not  take  place  until  the  drop  is  stirred.     F. 

EraporaUoA.       19.  To  rccover  a  salt  from  its  solution,  if  its  solubility  Aoen 

not  vary  with  the  temperature  of  the  solvent,  as  in  the  instance 

of  common  salt,  it  is  necessary  to  expel  a  portion  of  the  fluid 

by  heat.    This  constitutes  the  process  of  evaporaiion.* 

Tbefigtire  in-      20.  The  regularity  of  the  figure(18) obtained  will  be  influenced 

mi^d!^  o/  by  the  rapidity  of  the  evaporation ;  if  the  process  be  slowly  con- 

•vaporatioD.  ^juctcd,  the  particlcs  unite  with  great  regularity ;  if  hurried,  the 

crystals  are  irregular  and  confused.     In  common  cases  the  evapo* 

ration  may  be  continued  till  a  pellicle  forms  upon  the  surface 

of  the  solution,  which  indicates  that  the  attraction  of  the  saline 

particles  for  each  other,  is  becoming  superior  to  their  attraction 

TinMroratoiv  for  the  water.     The  formation  therefore,  of  a  superflciai  pellicle 

fi^retioa.   is  the  common  criterion  of  the  fitness  of  a  solution  for  crystal-* 

lization  ;  but  where  the  object  is  to  obtaif^  very  regular  and 

very  large  crystals,  the  evaporation  must  be  much  slower,  and 

carried  to  much  less  extent ;  even  spontaneous  evaporation,  or 

that  which  takes  place  at  common  temperatures,  must  be  resort* 

ed  to.    - 

crrxtttii  21.  There  are  certain   bodies  which  may  be  dissolved  or 

r^tt.  ^      liquified  by  heat,  and  during  slow  cooling,  may  be  made  to 

crystallize.    This  is  the  case  with  many  of  the  metals,  with  sper«- 

maceti,  sulphur,  &c.t     Some  other  substances,  when  heated, 

readily  assume  the  state  of  vapour  or  are  sublimedf  and  during 

condensation,  present  regular  crystalline  forms;  such  as  iodine, 

benzoic  acid,  camphor,  &c. :  and  crystals  of  snow  are  produced 

by  the  condensation  and  cooling  of  aqueous  vapour. 

Crystsinzii.        22,  Somc  substances  are  so  easily  decomposed  by  heat,  and  at 

Itani^wi^ie  ^^^  ^^^'^  ^^^^  rctaiu  watcr  with  such  avidity,  that  it  is  impossi- 


compositioo 
it  feeble. 


*  Apparatus  far  toluUon  and  evaporatwm'-^The  Tevali  required  for  the  piirpoaea  of  aolation  and 
evaporation  should  rcglst  the  action  of  heal,  acida,  alkalies,  all  aqueous  solutionB,  and  for  convenience 
ahould  08  often  as  possible  be  transparent.  Solutions  may  be  made  in  glasses  of  the  forma  represented 
by  (figuies  8S  pi.  ix.) :  they  afaqiald  be  from  a  gill  to  two  or  three  pints  in  eapeeity.  Fer  eTapoiatioB, 
Uppod  earthen  ware  basins,  (figs.  7,  8, 9,  pL  iz.)  and  a  dish  w  two  Bade  of  p«ie  ailTeri  and  a  j^atimuii 
capsule  are  sometimes  necessary.  The  latter  should  hare  a  projecting  tongue  of  metal  te  serve  as  a 
handle  by  which  they  may  be  held  with  a  pair  of  pincers.  Very  useful  glass  dishes  and  capsules  may 
be  made  out  of  old  rotorto,  reoeivers  and  flasks.  Solutions  are  ofVen  made  in  Floieaee  and  other 
flasiu,  (pi.  1,  fig.  31,) ;  they  should  be  ef  pratly  wUom  thiflfcoeia,  but  not  ae  tUok  u  to  bo  ttabtoU 
rapture  by  heau 

t  The  crystaHintjon  of  the  metals  racMeds  best  with  large  quaatitiea.  The  oetel  nsvaUy  ea^loiQd 
to  illustrate  this  is  bismuth ;  it  should  be  fused  in  an  iron  ladle,  and  then  placed  on  a  sand  bath  to  cool 
very  gradually.  When  a  solid  crust  has  formed,  boles  should  be  broken  through  it  at  two  opposite 
parts  near  the  edge,  with  a  hot  iron  rod,  and  the  fluid  metal  beneath  rapidly  poured  out.  When  that 
which  remains  in  the  ladle  is  examined,  it  will  b^nnd  cryttaHiied  in  the  interior*  A  eradble  matf 
bo  used  in  place  of  an  iron  ladle  for  metals,  a  glass  flask  or  an  evaporating  basin  for  solphnr,  spesma- 
coii,  ice.  When  the  experiment  is  made  with  sulphur,  the  teroperature.should  not  be  raised  too  high, 
or  the  fluid  will  Uiieken  and  become  adhesive.   F. 
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\Ae  to  ciystallize  them  by  any  of  the  above  processes ;  in  these 
cases  crystallisation  may  sometimes  be  effected  by  placing  the 
iolution  under  the  exhansted  receiver  of^n  air-pump,  over  the 
aarfaoe  of  sulphuric  acid«  wbich^  by  absorbing  the  vapour  as  it 
leises,  causes  rapid  evaporation  without  increase  of  temperature. 

its.  In  the  act  of  separating  from  the  water  in  which  they  watw  of 
were  dissolved,  the  crystals  of  almost  all  salts  carry  with  them  ^^^^'"'^ 
a  quantity  of  water  which  is  essential  to  the  regularity  of  their 
form,  and  cannot  be  expelled  without  reducing  them  to  shape* 
lass  masses.    It  is  termed  their  water  of  crystallization. 

£4.  The  hardness,  brilliancy,  and  transparency  of  crystals, 
also  often  depend  upon  their  containing  this  water,  which  some* 
times  exists  in  them  in  large  quantities.     Thus,  sulphate  of 
soda,  in  the  state  of  crystals,  contains  more  than  half  its  weight. 
Sulphate  of  lime,  in  its  crystallized  form,  contains  about  20  per 
eent  of  water,  which  it  loses  at  a  red  heat,  and  the  crystals 
crumble  down  into  the  white  powder  called  Plaster  of  Paris. 
Some  aalts  part  with  it  by  simple  exposure  to  dry  air,  when 
tiiey  are  said  to  effloresce ;   but  there  are  other  salts  which  sflio^QMwnc* 
deliftdesce,  or  attract  water  from  the  atmosphere.    Those  crystals  anddeiiqa««- 
which  effloresce  by  exposure  to  air,  may  often  be  conveniently  '^' 
preserved,  by  slightly  oiling  their  surfaces.     The  beat  method 
ia  to  soak  the  crystals  in  oil  for  a  few  hours,  and  then  to  wipe 
them  and  put  tliem  up  in  bottles. 

25.  Salts,  in  orystallizine,  frequently  inclose  mechanically  ^^^^  .^^ 
within  their  texture  particles  of  water,  by  the  expansion  of  tioo. 
which,  when  heated,  the  salt  is  burst  with  a  crackling  noise  into 
smdler  fragments.     This  phenomenon  is  called  decrepitation. 

.  26.  Those  crystals  in  which  the  water  of  crystallization  is  wataryra- 
so  abundant,  as  to  liquefy  them  on  the  application  of  heat,  are  *^^' 
sometimes  said  to  undergo  the  watery  fusion. 

27.  Some  salts,  in  consequence  probably  of  their  strong 
atftraetion  for  the  water  that  retains  them  in  solution,  cannot 
be  brought  to  crystallize  in  the  ordinary  way.  In  such  cases, 
crystallization  may  be  effected  by  the  addition  of  substances 
having  a  strong  affinity  for  water,  by  which  its  attraction  for 
the  dissolved  matters  is  weakened ;  thus  alcohol,  added  to  cer- 
tain aqueous  saline  solutions,  (as  solution  of  nitre)  produces  a 
separation  of  crystals,  but  they  are  generally  small  and  indistinct. 

28.  When  two  salts  of  difierent  solubilities  are  present  in 
the  same  solution,  they  often  may  be  separated  by  crystalliza- 
tion, that  which  is  least  soluble  constituting  the  earlier  crop  of 
crystals. 

29.  Crystallization  is  accelerated  by  introducing  into  the  solu-  CrTttaiiiza- 
tbn  a  nucleus,  or  solid  body,  upon  which  the  process  begins «,  i^ft^aei»u«. 
and  maniiiacturers  often  avail  themselves  of  this  circumstance* 

Thus  we  see  sugar-candy  crystallized  upon  strina^s,  and  verdi- 
gris upon  sticks.  There  are  cases  in  which  it  is  particularly 
aidvaotageoua  to  port  a  few  cryst^  of  the  dissolved  salt  into  the 
solution^  which  soon  cause  a  crop  of  fresh  crystals.    In  some 
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iDstances,  if  there  be  two  salts  in  solution,  that  will  most  readily 
separate  of  which  the  crystals  have  been  introduced. 
|||||^«i^»^  30.  By  placing  a  crystal  of  the  same  nature  in  a  saturated 
iMt'cfyaulb.  solution  of  a  salt ;  and  turning  it  daily,  so  that  the  different 
sides  shall  be  successively  exposed  to  the  liquid,  very  larg^e  and 
perfect  crystals  may  be  obtained.  This  fact  was  first  noticed 
by  M.  Le  Blanc  of  Paris. 
j>r  woiias-  31*  Dr  WoUaston  has  made  known  a  method  of  gradually 
too^ametiiod.  converting  several  small  crystals  into  one  large  one,  which  has 
been  thus  described  by  Mr  Faraday.  If  a  small  quantity  of 
sulphate  of  nickel  in  solution,  with  a  slight  excess  of  acid,  be 
evaporated  in  a  watch  glass,  it  will  probably,  on  cooling  yield 
a  crop  of  numerous  small  crystals ;  but  if  set  aside  for  a  few 
weeks  in  a  place  subjc^ct  to  the  changes  of  atmospheric  tempera- 
ture, its  appearance  will  gradually  alter,  the  small  crystals  dis- 
appearing, the  larger  increasing,  until  ultimately  only  one  or  a 
few  large  ones  are  left.  This  effect  depends  on  the  greater 
extent  of  surface  exposed  by  the  small  crystals,  as  compared 
to  their  mass,  than  by  the  larger  crystals;  so  that  when  any 
increase  of  solvent  power  in  the  surrounding  fluid  is  occasioned 
by  a-  slight  increase  of  heat  in  the  atmosphere,  the  small  crystals 
dissolve  to  a  greater  extent  than  the  others ;  but  upon  the 
decrease  of  temperature,  the  deposition  is  equal  upon  all.  In 
this  manner  the  small  ones  are  gradually  dissolved,  and  the  large 
ones  become  larger.  Thus  sometimes  a  separation  from  impu- 
rities, a  perfection  of  form,  or  a  crystal  of  magnitude  is  obtained, 
which  cannot  be  had  by  other  means.  The  same  effect  may 
often  be  observed  in  solutions  confined  in  glass  bottles,  as  in 
oxalic  acid,  nitrate  of  mercury,  acetate  of  lead,  &c.  the  small 
crystals  which  were  formed  when  the  solutions  were  first  made 
being  gradually  converted  into  others  of  considerable  magni* 
tude. 
dxeam-  ^^*  ^^^  influence  exerted  over  one  substance  by  the  presence 

•unce^af:-  of  auothcr,  oftcu  materially  affects  the  appearance  of  crystals. 
'  Nitre,  when  crystallizing  from  solutions  containing  much  com- 
mon salt,  is  frequently  rough  upon  its  surface,  or  constituted  of 
a  number  of  crystals,  forming  a  friable,  instead  of  a  compact 
mass.  Common  salt,  when  crystallized  from  a  solution  con- 
taining urea,  assumes  an  octoedral  form.  The  appearances  of 
several  salts  are  altered  when  crystallized  in  animal  or  vegetable 
infusions. 

33.  Sometimes  crystallization  is  not  effectual  for  the  separa- 
tion of  sails.  When  the  sulphates  of  iron  and  copper  are  in 
solution  together,  crystals  will  be  obtained  resembling  those  of 
sulphate  of  iron,  but  with  very  variable  proportions  of  sulphate 
of  copper  in  them,  the  latter  salt  being  at  times  present  in  great 
quantity ;  on  other  occasions  triple  salts  are  formed,  as  frequently 
occurs  with  nickel.     F.  p.  254. 

34.  The  pressure  of  the  atntosphere  has  been  said  to  hare 
considerable  influence  on  crystallization. 
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Make  a  oonoeotnted  lolotioii  of  solphate  of  Koda  (Glanber^fl  •&!(,)  in  the  Exp. 
proportion  of  aboat  three  parts  of  the  talt  in  Grj«tal#,  to  tivo  of  wrater,  boU  it 
briskljr  in  a  matraM  and  cork  it  tight)/  while  hot.     l'bi»  solution  will  remain 
fluid  when  cold ;  hot  will  generallj  crystnUite  when  the  oork  i«  withdrawn ; 
■bould  it  not*  the  introdaction  of  a  piece  of  the  sanie  salt  will  effect  it. 

Thi*  phenomenon  hat  not  been  tatitfactortly  explained.  That  it  it  not 
dependant  on  atmotpberic  pressure  is  proved  bj  cooling  the  solution  in  an 
open  Fessel,  the  surface  being  covered  onlj  with  a  thin  film  of  oil.* 

35.  The  presence  of  light  also  influences  the  process  of  crjrv-  '^^^  "^^^ 
lallization.     Thus  we  see  the  crystals   collected  in  camphor  uuSoi?' 
bottles  in  druggists'  windows  always  most  copious  upon  the 
surface  exposed  to  light;  and  if  we  place  a  solution  of  nitre  in  ' 

a  room  which  has  the  light  admitted  only  through  a  small  hole 
in  the  window  shutter,  crystals  will  form  most  abundantly  upon 
the  side  of  the  basin  most  exposed  to  the  aperture  through  which 
the  light  enters,  and  often  the  whole  mass  of  crystals  will  tura 
towards  it 

Many  saline  solutions  form  arborescent  crystalline  pellicles 
when  left  to  spontaneous  evaporation,  which  slowly  travel  up 
the  sides  of  the  basin,  and  gradually  proceed  down  upon  the 
outside :  this  process  also  always  begins  on  the  side  nearest 
the  light,  and  is  often  confined  to  it.  Acetate  of  lime,  exhibits 
this  appearance  in  a  very  beautiful  manner.  Mkin^u  Diet. 
Art.  Light. 

36.  We  may  now  proceed  to  examine  the  structure  of  crys-  stmetimor 
tallized  bodies,  upon  which  the  TKtorits  of  Crystallization  bSdSl!**** 
are  founded.     This  inquiry  exposes  a  connecting  link  between 

the  chemical  and  mechanical  properties  of  bodies. 

It  is  commonly  observed,  that  crystallized  bodies  affect  one  Amme  am 
form  in  preference  to  others.  Fluor  spar  crystallizes  in  cubes:  ttonamtter. 
so  does  common  salt.  Nitre  assumes  the  form  of  a  six-sided 
prism,  and  alum  that  of  an  octoedron.  These  forms  are  liable 
to  vary.  Fluor  spar  and  salt  crystallize  sometimes  in  the 
form  of  octoedra ;  and  there  are  so  many  forms  of  carbonate 
of  lime,  that  it  is  difficult  to  select  that  which  most  commonly 
occurs. 

Rome  de  Lisle  referred  these  variations  of  form  to  certain  au  ^^[^'^r 
truncations  of  an  invariable  primitive  nucleus;  and  Gahn  after-  UMMmmlb- 
wards  observed,  that  when  a  piece  of  calcareous  spar  was  care-  £Si«n«?S 
fally  broken,  all  its  particles  were  of  a  rhomboidal   figure. 
This  induced  Bergman  to  suspect  the  existence  of  a  primitive 
Docleas  in  all  crystallized  bodies.     (Physical  and  Chemical 
JBssaySf   Vol.   II.  p.   1.)     When   Haiiy  entered  the  field   of 
ioquiry,  he  not  only  corroborated  the  opinions  of  Bergman, 
and  submitted  former  hypotheses  to  experimental  proofs  but 
traced  with  much  success  the  laws  of  crystallization  and  pointed 
out  the  modes  of  transition  from  primitive  to  secondary  figures. 
GTraiti  de  Miniralogie,  Paris,  1801. 

*  8e8  ffsptm  ea  tUi  nlijMt  bj  Dr.  Ure,  Qaart  J«ar.  Vol.  z.  p.  6^  tad  Gvy  |«Mae,  An.  M  Cktm- 
87. 
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Crystal,  can-      ^'^^  Evcry  Crystal  may  be  divided  by  means  of  proper  instru- 
moothi  'Kli'  "^^"^^  5  *'^^»  '^  ^P^*^  ^^  certain  jdirections,  presents  plane  and 
in  certain  di<  smooth  surfaccs.     If  spiit  in  other  directions,  the  fracture  is 
ractiona.        rugged,  is  the  mere  effect  of  violence,  and  is  not  guided  by  the 
natural  joining  of  the  crystal.     This  fact  has  been  Ions:  known 
to  jewellers  and  lapidaries  ;  and  an  accidental  observation  of  it 
proved   to  the  Abbe  Haiiy,   the  key  of  the  whole  theory  of 
crystallizatioo.     By  the  skilful  division  of  a  six-sided   prism 
of  calcareous  spar,  he  reduced  it  to  a  rhomb,  precisely  resem- 
bling that  which  is  known  under  the  name  of  Iceland  spar. 
Hafly'«  prim-  Other  forms  of  calcareous  spar  were  subjected   to   the   same 
operation ;  and,  however  different  at  the  outset,  finally  agreed 
in  yielding,  as  the  last  product,  a  rhomboidal  solid.     It  .was 
discovered  also  by  Haiiy,  that  if  we  take  a  crystal  of  another 
kind  (the  cubic  fluor  spar,  Derbyshire  spar  for  instance,)  the 
nucleus,  obtained  by  its  mechanical  division,  will  have  a  differ- 
ent figure,  viz.  an  octoedron.     Other  crystallized  bodies  produce 
still  different  forms  ;  which  are  not,  however,  very  numerous. 
Those  which  have  hitherto  been  discovered,  are  reducible  to 
PI.  L  six;  the   parallelopiped,   fig.  1,  which   includes  the   cube,  the 

rhomb,  and  all  the  solids  which  are  terminated  by  six  faces, 
parallel  two  and  two;  the  tetraedron,  fig.  2,  the  octoedron,  fig. 
3 ;  the  regular  hexaedral  prism,  fig.  4  ;  the  dodecaedron  with 
equal  and  similar  rhomboidal  planes,  fig.  5;  and  the  dodecaedron 
with  triangular  planes,  fig.  6. 
lategraimoi*-  38.  The  solid  of  the  primitive  form,  or  nucleus  of  a  crystal 
^'^  '  obtained  by  mechauical  division,  may  be  subdivided  in  a  direc- 

tion parallel  to  its  different  faces.  All  the  sections  thus  pro- 
duced being  similar,  the  resulting  solids  are  precisely  similar 
in  shape  to  the  nucleus,  and  differ  from  it  only  in  size,  which 
continues  to  decrease  as  the  division  is  carried  farther.  To  this 
division,  however,  there  must  be  a  limit,  beyond  which  we 
should  come  to  particles  so  small,  that  they  could  no  longer 
be  divided.  At  this  term  therefore,  we  must  stop  :  and  to 
these  last  particles,  the  result  of  an  analysis  of  the  primitive 
nucleus,  and  similar  to  it  in  shape,  Haiiy  has  given  the  name  of 
4  the  integrant  molecule.     If  the  division  of  the  nucleus   can 

be  carried  on  in  other  directions  than  parallel  to  its  faces,  the 
integral  molecule  may  then  have  a  figure  different  from  that  of 
the  nucleus.  The  forms,  however,  of  the  integrant  molecule, 
which  have  hitherto  been  discovered,  are  only  three;  the  tetrae* 
dron.  fig.  2,  the  simplest  of  pyramids;  the  triangular  prism, 
jig.  7,  the  simplest  of  prisms;  and  the  parallelopiped,  including 
the  cube  and  rhomboid,  the  simplest  of  solids  which  have  their 
faces  parallel  two  and  two.*  With  respect  to  octoedral  crys- 
tals there  is  a  difficulty,  whether  the  octoedron,  or  tetraedron 


^  Tbo  instruments  used  for  rocMnnn*  the  angles  at  which  the  pltmci  of  crystals  meet,  or  incline  to 
each  otiier,  are  called  goniomtterg.  For  the  doacrtption  of  these  and  the  method  of  niifif  them,  see 
CUttvelaud'i  MiDerolugy,  chap.  2d.  (edit.  1883*)  Brooke's  Crystallography,  p.  S5. 
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is  to  be  adopted  as  the  primitive  form;  and,  whichsoever  be 
chosen,  since  neither  of  them  can  fill  space  without   leavigg 
vacuities,  it  is  not  easy  to  conceive  any  arrangement,  by  which 
the  particles  will  remain  at  rest.     To  obviate  this  difficulty,  Dr 
"WoUaston  has  suggested,  that,  in  such  instances,  the  elementary  woiiaiton*! 
particles  may  be . perfect;  spheres  ;  and,  by  the  due  application  ****®'^- 
of  spheres  to  each  other,  he  has  shewn,  that  a  variety  of  crys- 
talUoe  forms  may  be  produced  ;*  viz.  the  octoedron,  the  tetrae- 
dron,  and  the  acute  rhomboid.     If  other  particles  having  the 
same  relative  arrangement,  be  supposed  to  have  the  shape  of 
oblate  spheroids,  the  regular  rhomboid  will   be  the  resulting 
figure ;  and  if  the  spheroids  be  oblong  instead  of  oblate,  they 
will  generate  prisms  of  three  or  six  sides.     The  cube,  also,  Dr 
Wollaston  has  shown,  may  be  explained  by  the  aggregation  of 
spheroidical  particles. 

39.  A  method  of  developing  the  structure  of  crystals,  by  a  MrDameU'i 
new  process  which  appears  greatly  superior  to  that  of  mechani-  "J*"™*"**- 
cal  division,  has  been  described  by  Mr  Daniell  t     It  consists  in 
exposing  any  moderately  soluble  salt  to  the  slow  and  regulated 
action  of  a  solvent.      A  shapeless  mass  of  alum,  for  instance, 
weigh rD|L  about    1500  grains,  being    immersed   in    15  ounce- 
ineasurAhf  water -and  set  by,  in  a  quiet  place,  for  a  period  of 
three  or  fflbr  weeks,  will  be  found  to  have  been  more  dissolved 
toward  the  upper  than  the  lower  part,  and  to  have  assumed  a 
pyramidal  form.     On  further  examination,  the  lower  end  of  the 
mass  will  present  the  form  of  octoedrons  and  sections  of  octoe- 
drons,  in  high  relief  and  of  various  dimensions.     They  will  be  pu  i. 
most  distinct  at  its  lower  extremity,  becoming  less  so  as  they 
ascend,  fig.  9.     Bodies  that  are  very  soluble,  in  place  of  being 
immersed  in  water,  should  be  put  into  a  solution  of  the  same 
substance,  which  having  been  saturated,  has  aAerwards  been 
slightly  diluted  to  occasion  a  solvent  action.     Substances  not 
soluble  in  water  but  soluble  in  acids,  without  effervescence,  may 
be  successfully  examined  in  the  same  manner.     This  new  pro- 
cess of  dissection  admits  of  extensive  application.     Borax,  in  the 
course  of  six  weeks,  exhibits  eight  sided  prisms  with  various 
terminations ;  and  other  salts  may  be  made  to  unfold  their  exter- 
nal structure  by  the  slow  agency  of  water,  fig.  8.     Carbonate  of 
lime,  carbonate  of  strontia,  and  carbonate  of  baryta,  give  also 
distinct  results,   when  acted   upon   by  weak  acids ;  and  even 
amorphous  masses  of  those  metals,  which  have  a  tendency  to 
assume  a  crystalline  form,  such  as  bismuth,  antimony,  and  nickel, 
when  exposed  to  very  dilute  nitric  acid,  presented  at  the  end  of 
a  few  days  distinct  crystalline  forms.     Large  crystals  of  sulphu- 
retof  antimony  Mr  Faraday  has  also  founds  admirably  illustrate 
Mr  DanielPs  mode  of  displaying  crystalline  texture.     When 
such  a  crystal  is  introduced  into  a  portion  of  fused  sulph'jret,  it 
begins  to  meltdown,  but  not  uniformly,  for  crystals  are  leA  more 
than  half  an  inch  long  projecting  from  it.j: 

^  Pha.  Tniw.  1013,  p.  51.  f  Joar.  of  Scionce  and  Uie  Arts  i.  94.  Ibid.  zi.  903. 
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The  rosults  of  these  experiments  when  minutely  traced  and 
investigated,  afford  strong  confirmation  to  the  theory,  that  the 
spheroidical  is  the  true  form  of  the  ultimate  particles  of  crystal- 
lized bodies.     H.  I.  35,  37. 

40.  In  connexion  with  chemistry,  the  theory  of  crystalliza^^ 
tion  opens  a  new  avenue  to  the  science,  and  frequently  enables 
us  to  ascertain  directly,  that,  which,  independent  of  such  aids, 
could  only  be  arrived  at  by  an  indirect  and  circuitous  route. 
We  frequently  read  the  chemical  nature  of  substances,  in  their 
mechanical  forms.  In  the  arts,  the  process  of  crystallization  is 
turned  to  very  valuable  account,  in  the  separation  and  purifica- 
tion of  a  variety  of  substances. 


SfiCTioN  II.     Heierogeneous  ^ttraciion  or  •Offiniiy. 


Dutinfiinhed 
from  Cohe- 
■ive  AUrac- 
tioo. 


AttTHcUon. 


Chemical  at-  41.  We  havc  hitherto  considered  attraction  as  disposing  the 
iSkutyl  °'  particles  of  bodies  to  adhere  so  as  to  form  masses  or  aggre- 
gates ;  and  in  many  instances,  to  arrange  themselves  according 
to  peculiar  laws,  and  to  assume  regular  geometrical  ^^ures. — 
We  are  now  to  regard  this  power  as  operating  upojHBsimilar 
particles;  as  presiding  over  the  composition  of  bodfla;  and  as 
prpducing  their  chemical  varieties.  This  is  Chemical  At- 
traction, or  Affinitst. 

42.  Chemical  affinity,  like  the  cohesive  attraction,  is  effective 
only  at  insensible  distances;  hot  it  is  distinguished  from  the 
latter  force,  in  being  exerted  between  the  particles  or  atoms  of 

RMQitofthia  l>od^es  of  different  kinds.  The  result  of  its  action  is  not  a  mere 
ag«:regate.  having  the  same  properties  as  the  separate  parts,  and 
differing  only  by  its  greater  quantity  or  mass,  but  a  new  com* 
pound,  in  which  the  properties  of  the  components  have  either 
entirely  or  partly  disappeared,  and  in  which  new  qualities  are 
also  apparent.  Thus,  a  piece  of  marble  is  an  aggi*egate  of 
smaller  portions  of  marble  attached  to  one  another  by  cohesion, 
and  the  part3  so  attached  are  the  integrant  particles ;  each  of 
\vhich,  however  minute,  is  as  perfect  marble  as  the  mass  itself. 
But  the  integrant  particles  consist  of  two  substances,  lime  and 
carbonic  acid,  which  are  different  from  one  another  as  well 
as  frohi  marble,  and  are  united  by  chemical  attraction.  The 
integrant  particles  of  a  body  are  therefore  aggregated  together 
by  cohesion  ;  the  component  parts  are  united  by  affinity. 

43.  The  most  simple  instance  of  the  exercise  of  chemicnl 
attraction  is  afibrded  by  the  mixture  of  two  substances  with  one 
another.  Water  and  sulphuric  acid,  or  water  and  alcohol  com- 
bine readily.  So  when  potassa  is  added  to  sulphuric  acid  chemi- 
cal affinity  is  exerted,  and  they  combine  together.  If  the  two 
last  substances  are  examined  before  being  presented  to  each 
other,  each  will  be  found  to  be  distinguished  by  peculiar  proper- 
ties.   The  potassa  will  convert  the  blue  colour  of  vegetable 


lita  ncea. 
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infusions*  to  greeiiy  the  acid  will  turn  them  red.  But  if  we 
gradually  add  the  potassa  to  the  acid,  we  shall  obtain  a  liquid 
which  will  have  neither  the^ properties  of  the  potassa  or  of  the 
acid  ;  and  which  will  no  longer  change  the  colour  of  the  vegeta- 
ble infusion,  and  the  taste  of  which  will  have  been  converted 
into  a  bitter  one. 

44.  In  cases  of  this  kind  where  chemical  combination  takes  NeuiraHtt- 
place,  and  the  qualities  of  the  component  parts  of  a  compound 

are  no  longer  to  be  detected  in  it;  the  bodies  combined  are  said 
Co  neutralize  each  other. 

45.  Neutralization  is  to  be  distinguished  from  saturation,  (15)  aistin|u»ii«4 
by  which  we  express  those  weaker  combinations  where  there  is  Jolu 

no  remarkable  alteration  of  qualities,  as  in  cases  of  solution. — 
Water,  for  example,  will  dissolve  successive  portions  of  com- 
mon salt,  or  sugar,  until  at  length  it  refuses  to  take  up  more ; 
or  is  saturated  ;  the  solution  retaining  the  saline  or  sweet  taste 
and  some  other  qualities  of  the  salt  or  sugar.  The  only  physical 
quality  that  is  changed  being  that  of  cohesion. 

46.  Neutralizations  are  best  effected  with  the  assistance  of  Nentniiu- 
heat,  especially  if  a  carbonate  be  used,  or  if  precipitation  occur  ^^"^^ 
during  the  operation.  The  carbonic  acid  in  the  first  case  is 
dissipated,  and  in  the  latter  the  combination  is  more  rapidly  and 
perfectly  effected.  Evaporating  basins  (pi.  ix.  figs.  8,  9,)  are 
highly  useful  for  these  purposes,  their  contents  being  easily 
stirred,  and  the  rod  used  for  that  purpose  also  applied  to  moisten 

the  test  paper  when  required.  The  solution  to  be  neutralized 
should  not  be  very  strong,  and  the  substance  added  should  be 
diluted  upon  approaching  the  point  of  neutralization,  if  it  be 
accurately  required.     F.  274. 

47.  In  many  cases,  the  properties  of  the  compounds  result-  The  com- 
ing  irom  chemical  affinity  differ  essentially  from  those  of  their  tevrliiMwrt 
component  parts,  and  a  series  of  new  bodies,j)OS8essed  of  dis-  p»>pertiet. 
tinct  and  peculiar  characters,  is  produced. 

Tbo*  when  two  voluinea  of  nitric  oxide  gas  are  mixed  with  one  of  oxjgen,  Exp.  L' 
•D  orange-coloured  gas  results,  very  sour,  and  soluble  in  water,  whereas,  the 
gases  before  mixture  were  colouiOesf,  tasteless,  and  insoluble  in  water. 

If  info  a  glass  vessel,  exhausted  of  air,  be  introduced  some  sulphnr,  and  sxp.  9l 
copper  filings,  and  heat  applied  so  as  to  melt  the  former,  it  will  presently  com* 
bane  with  the  latter. 


*  AainfoMon  of  purpio  cabbtgo  mffonb  an  economical  and  oonvonient  liquid  (or  this  and  liinilv 
For  its  preparation,  one  or  mure  rod  cahbafea  should  be  out  into  tiripa,  and  boiling  water 
apoo  ths  pisMi,  a  BtUe  diliUs  aolphoric  acid  ii  to  bs  added,  and  the  whole  well  staited : 
it  is  then  to  be  covered  and  kept  hot  m  long  aa  powiUe,  ot  if  eoavenient,  should  be  heated  nearly  to 
boiling  for  an  hour  or  two  in  a  copper  or  eartbon  Tetiael.  The  qnantky  of  water  to  be  added  at  flnt 
■honld  be  miAcient  to  eorer  tlie  cabbagSi  and  the  eulphorie  add  ■hould  be  in  the  proportion  of  about 
bttJf  ao  oanee  of  etrong  oil  of  yitriol  by  roeainre  to  each  good  nsed  plant.  Thia  being  doifa  the  fluid 
beoepaxatad  and  drained  od^  and  as  much  more  hot  water  poured  on  aa  will  cover  the  solid 

kiduo,  adding  a  very  little  roipburic  acid.  The  whole  is  to  be  closed  up,  and  luffered  to  stand  until 
cookd,  and  then  the  liquid  poured  off  and  added  to  the  former  infusion.  The  infusum  is  to  be 
eraraporatad  to  one  half  or  one  third  its  first  bulk,  poured  into  a  Jar,  allowed  to  settle,  and  the  clesr 
ie4  Said  deeantod  and  preserved  in  bottles.  This  solution  will  keep  a  yesr.  Whmi  required  for  use, 
tbe  acid  of  a  small  portion  of  it  should  be  neutralised  by  caustic  potassa  or  soda,  (not  by  anunonia) 
^wbea  it  will  assume  an  intensely  deepblaa  colour,  and  will  in  most  caaeS|  require  dilution  with  twelve 
•r  Ibwteui  parts  of  water.    Fmrmimf. 


14 


Chemical  Affinity — effects  of. 


CHAP.  I. 


Exp.  3. 


Samilta. 


fikilid  pro- 
duel*. 


P1.S. 
Exp. 


Exp. 


Gaseoiu. 


liqttid. 
Exp. 


Other    rlian- 
ces  produced 
by    Chemical 
action. 
Exp. 


If  we  mix  a  quantitj  of  iron  filings  and  siilphar,  and  melt  f  hem  in  a  crnctble, 
we  oblairi  a  brittle  mass  which  has  propertiea  differeDt  from  those  of  either  of 
its  constituent  parts. 

We  observe  as  the  results  of  this  attraction  between  these 
substances,  1,  that  the  substances  produced  have  not  the  inter- 
mediate properties  of  their  elements  but  that  they  present  new 
characters  f  2,  that  in  the  second  experiment  much  heat  and 
li^ht  are  evolved  during  tlie  mutual  action  ;  3,  that  the  sub- 
stances will  unite  in  certain  proportions  only. 

48.  In  liquids  and  gases,  similar  changes  of  properties  may 
be  exhibited,  and,  in  many  cases,  a  change  of  form  or  state 
results.  Thus  the  combination  of  aeriform  bodies  produces  a 
solid. 

Into  a  retort  (fig:.  63,  a,)  introduce  a  small  quantity  of  liquid  ammonia 
(volatile  alkali,)  and  into  another  a  little  oiuriatic  acid  ;  insert  the  beaks  of  the 
retorts  into  the  extremities' of  a  glass  <\lind«>r.  The  jra^es  arising  from  the 
muriatic  acid  and  ammonia,  pass  into  the  C3'}inder  and  unite  to  form  a  new  solid 
compound,  muriate  of  ammonia  (sal  ammoniac.) 

If  to  a  concentratpd  solution  of  muriate  of  lime,  sulphuric  acid  or  a  satu- 
rated solution  of  carbonate  of  potassa  be  gradually  added,  a  white  solid  will 
result. 

49.  In  other  cases  the  solids  are  converted  into  aeriform 
matter,  of  which  the  combustion  of  gunpowder  is  a  familiar 
instance. — Gases  also,  foroi  a  liquid ;  as  when  olefiant  gas  is 
mixed  with  chlorine. 

When  certain  liquids  are  presented  to  each  other,  gases  are  the 
result,  as  when  to  two  parts  of  alcohol  we  add  one  part  of  nitric 
acid,  an  effervescence  ensues,  and  aeriform  matter  is  copiously 
evolved. 

Solids  also  produce  liquids. 

Rub  together  in  a  mortar  a  few  crystals  of  Glauber's  salt  with  nitrate  of 
ammonia,  the  two  solids  will  become  fluid. 

Such  operations  are  not  confined  to  art.  Nature  presents 
them  on  an  extended  scale ;  and  in  connexion  with  the  func- 
tions of  life,  renders  them  subservient  to  the  most  exalted 
purposes. 

50.  The  new  chemical  powers  that  bodies  thus  acquire  in 
consequence  of  combination,  are  often  extremely  remarkable, 
and  can  only  be  learned  by  experiment.  It  frequently  happens 
that  inert  bodies  produce  inert  compounds,  and  that  active  sub* 
stances  remain  active  when  combined  ;  but  the  reverse  often 
occurs  :  thus  oxygen,  sulphur,  and  water,  in  themselves  taste- 
less and  comparatively  inert,  produce  sulphuric  acid  when 
chemically  combined  ;  and  potassa,  which  is  a  powerful  caustic, 
when  combined  with  sulphuric  acid,  forms  a  salt*  possessing 
little  activity. 

51.  The  colours  of  bodies  are  altered  by  chemical  action. 

Into  a  weak  solution  of  nitrate  of  copper,  drop  liquid  ammonia,  a  rich  blue 
colour  will  be  produced.  Add  gradually,  on  the  end  of  a  glabS  rod,  a  little 
sulphuric  acid,  tJie  liquid  will  become  colourless. 

*  The  term  aaU  is  rmployed  in  chemistry  to  denote  a  compound  of  acid  matter  with  an  alkali, 
earth,  or  metallic  oxide,  and  is  therefore  not  coofioed  to  those  iubstaucen  called  salts  in  ordinary 
discouree. 
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To  an  infniion  of  purple  cabhafre  add  a  few  drops  of  an  acid,  the  oolonr  will  ^^^^^ 
be  chanced  to  red. — The  addition  of  liquid  potawa,  in  quantity  just  Aufficieut 
to  neutralize  the  acid,  will  rettore  the  original  colour. 

The  addition  of  potas^a  alone,  produces  a  ereen  co!oiir.  ^'P* 

Into  a  tnial)  jar  of  chlorine  cra^  confined  by  water,  introduce  a  piece  of  litmut  Exp. 
paper,  the  colour  will  be  wholly  destroyed. 

When  tiilpbate  of  copper  (blue  vitriol,)  and  acetate  of  lead  (»u^ar  of  lead)  Exp. 
are  rubbed  together  in  a  moriar;  the  new  compound  hat  a  green  colour. 

Calomel  and  potassa,  both  colourless,  when  rubbed  iu  a  mortar  form  a  black  Eip* 
eom  pound. 

52»  The  specific  erravity  of  bodies  is  altered  by  chemical  cimiiM  of 
action.  Two  bodies  rarely  occupy  the  same  space  after  combi-  ty, 
nation  which  they  did  separately.  In  general  their  bulk  is 
diminished,  so  that  the  specific  gravity  of  the  new  body  is 
greater  than  the  mean  of  its  components.  Thus  a  mixture  of 
100  equal  measures  of  water  and  an  equal  quantity  of  sulphuric 
acid  does  not  occupy  the  space  of  200  measures,  but  considerably 
\^s,  A  similar  contraction  frequently  attends  the  combinatioa 
of  solids.  Gases  often  experience  a  remarkable  condensatioa 
when  they  unite.  The  elements  of  olefiant  gas,  for  instance, 
would  expand  to  four  times  the  bulk  of  that  compound,  if  they 
were  suddenly  to  become  free,  and  assume  the  aeriform  state. 
But  there  are  exceptions.  The  reverse  happens  in  some  metallic 
eomfK>unds ;  and  there  are  examples  of  combination  betweea 
gases  without  any  change  in  bulk. 

53.  A  change  of  (bmperature  generally  accompanies  chemical  uidoftm* 
action.     Caloric  is  evolved  either  when  there  is  a  diminution  ^^^^ 
in  the  bulk  of  the  combining  substances  without  a  change  of 

form,  or  when  a  gas  is  condensed  into  a  liquid,  or  when  a 
liquid  becomes  solid,  (34)  as  when  water  is  poured  upon  quick- 
lime. 

When  equal  parts  of  sulphuric  acid  and  water  are  mixed,  the  temperature  is  Exp. 
•0  much  increased  that  if  the  mixture  be  made  in  a  phial  about  which  tow 
is  wrapped  containing  a  small  piece  of  phosphorus,  the  phosphorus  will  be 
inflamed. 

54.  Ignition  is  a  frequent  attendant  upon  chemical  action,  ignitioo. 

(47.) 

Mix,  caolioasly,  a  small  quantity  of  ^Uf^ar  with  about  half  Its  weight  of  the  Exp. 
salt  called  chlorate  of  pota»»a,  drop  upon  the  mixture,  from  the  extremity  of  a 
glass  rod,  a  little  sulphuric  acid,  it  will  be  inflamed. 

55.  As  chemical  action  takes  place  among  the  ultimate  or  cto"'<^**«^ 

I  t>  I       \<  'Z  t'li  1   tion  promoted 

constituent  elements  of  bodies,  it  must  obviously  be  opposed  bymechani- 
by  the  cohesion  of  their  particles,  and  chemical  attraction  is  ^^  ***''*"*^» 
often  prevented  by  mechanical  aggregation. 

Introduce  a  piece  of  the  metal  antimony  into  a  jar  >of  chlorine  gas,  it  will  be  _ 
only  slowly  and  superficially  acted  upon  ;  but  if  the  mechanical  acrgregation  ^^' 
be  previously  diminished,  by  reducing  the  metal  to  powder,  it  in  that  state 
rapidly  unites  with  the  gas,  and  burns  the  instant  that  it  is  int  rod  need. 

The  influence  of  mechanical  division  in  promoting  the  action 
of  chemical  affinity,  and  in  favouring  solution,  will  be  obvious, 
if  into  a  vessel  containing  dilute  muriatic  acid  we  drop  a  lump  of 
Bfiarble ;  and  into  another  vessel  containing  the  same  acid  we 
pour  an  equal  weight  of  marble  reduced  to  powder. 


16  Chemical  Affinity — inferred.  chap.  i. 

by  Calorie,        56.  The  chemical  energies  of  bodies,  are  increased  by  heat. 

£xp.  To  four  oaoce-meaiures  of  water,  at  the  teiuperatare  of  the  atmofphere,  add 

three  ouoces  of  sulphate  of  »oda  in  powder,  only  part  of  the  »aJC  will  be  dis- 
solved, even  after  being  agitated  some  time.  Applj  heat,  and  the  whole  of  the 
fait  will  disappear. 

To  this  lawy  however,  there  are  several  exceptions ;  for 
many  salts  are  equally,  or  nearly  equally,  soluble  in  cold  as  in 
hot  water ;  as  will  be  seen  hereafter. 

The  effects  of  heat  are  sometimes  only  referable  to  the  dimi- 
nution of  adhesion  by  expansion,  or  liquefaction  ;  but  in  other 
cases  they  are  peculiar  and  complicated,  and  probably  concerned 
in  modifying  the  electrical  energies  of  the  acting  substances, 
and  by  Me-      57.  Mechaoical  agitation,  also  favours  the  chemical  action  of 
chanicd  H^^  bodies. 

£,  Into  a  wine  glass  full  of  water,  tinged  bine  with  the  infusion  of  cabbage, 

let  fail  a  small  lamp  of  solid  tariaric  acid,  i  he  acid,  if  left  at  rest,  even 
during  some  boors,  will  onljr  change  to  red  that  portion  of  the  infuMon,  which  b 
in  immediate  contact  with  it.  Stir  the  liquid,  and  the  whole  will  immediately 
become  red. 

Poree  of  ^  58.  An  important  law  of  affinity  which  is  the  basis  of  almost 
fiiiity  varies.  g]|  chemical  theory^  is  that  one  body  has  not  the  same  force  of 
affinity  towards  a  number  of  others,  but  attracts  them  unequally; 
or  different  bodies  are  possessed  of  different  attractive  powers, 
and  if  several  be  brought  together,  those  which  have  the 
strongest  mutual  affinities  enter  first  into  ufeion. 

^'  Tbu«,  if  nitric  acid  be  poured  upon  a  mivtore  of  Hm«  and  magnesia,  it  dit- 

•olves  the  former  in  preference  to  the  latter  earth. 

u^no^^      59,  Some  bodies  evince  no  affinity  for  each  other, 

i^rfor  each      Qil  and  water,  or  powdered  chalk  and  water,  may  be  agitated  together,  bat 
■e—/  thej  will  not  combine.    On  allowing  the  vessels  containing  them  to  remain  at 

^^^  rest,  the  oil  or  water  rises  to  the  surface,  and  the  chalk  falls  to  the  bottom. 

Umonpromo-      60.  The  intervention  of  a  third  body  will  sometimes  promote 
l^by  a  third  ^q  uuioD  of  two  Other  bodics  which  have  no  affinity  for  each 
other. 

£sp.  Thus  oil  and  water  vnite  immediate] j  on  adding  an  alkali,  as  canstic  pof  assa. 

The  fact  indeed,  admits  of  being  explained  bj  the  supposition,  that  the  oil  and 
alkali  form,  in  the  first  instance,  a  compound  which  is  soluble  in  water.     (H.) 

ordMtioTed.  61.  It  very  frequently  happens,  on  the  contrary,  that  the 
tendency  of  two  bodies  to  unite,  or  remain  in  combination 
together,  is  weakened  or  destroyed  by  the  addition  of  a  third. 
Thus  alcohol  unites  with  water  in  such  a  manner  as  to  separate 
most  salts  from  it 

B>i»-  A  striking  instance  of  this  is  seen  in  a  latnrated  or  strong  solation  of  nitre  in 

water.  If  to  this  there  be  added  an  equal  measure  of  alcohol,  th«  greater  part 
of  the  nitre  instantly  falls  down. 

Exp.  Or,  if  to  a  solution  of  camphor  in  alcohol,  water  be  added,  the  water  will 

unite  with  the  alcohol  and  the  camphor  will  be  separated. 

j^  Oil  bat  an  affinity  for  the  volatile  alkali,  ammonia,  and  will  unite  with  it, 

forming  a  soapy  substance  called  a  liniment.  But  the  auimoiiia  has  a  still 
greater  attraction  for  sulphuric  acid ;  and  hence  if  the  acid  be  added  to  the 
liniment,  the  alkali  will  quit  the  oil,  and  unite  by  preference  with  the  acid. 

jlSJliS.*****  ^^*  '^^^  affinity  existing  between  any  two  bodies,  is  inferred 
from  their  entering  into  chemical  combination  and  that  this  has 
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happened  y  a  change  of  properties  may  be  considered  as  a  suffi*- 
cient  proof,  even  though  the  change  may  not  be  very  obvious 
and  may  require  accurate  examination  to  be  perceived  at  all.— 
H.  1.  41 

63.  The  knowled«:e  of  the  affinities  which   bodies  have  for  simpio  or 
each  othery  enables  us  to  separate   them  when   united,  or  to  tncuon, 
perform  the  process  of  decomposition.     Thus,  if  into  a  solution 

of  nitrate  of  silver  (lunar  caustic)  we  place  a  piece  of  polished 
copper,  it  will  soon  be  covered  with  metallic  silver  and    the  Expc 
solution  will  have  been  decomposed^  and  the  silver  precipi- 
ia/ed. 

64.  From  a  great  number  of  facts  of  this  nature,  it  is  clearly 
ascertained,  not  as  a  probable  hypothesis,  but  as  a  simple  matter 
of  fact,  that  some  bodies  have  a  stronger  tendency  to  unite  than 
others ;  and  that  the  union  of  any  substance  with  another  will 
exclude,  or  separate,  a  third  substance  which  might  have  been 
previously  united  with  one  of  them  ;  excepting  in  those  cases 
wherein  the  new  compound  has  a  tendency  to  unite  with  that 
third  substance,  and  form  a  triple  compound.  This  preference 
of  uniting,  which  a  given  substance  is  found  to  exhibit  with 
regard  to  other  bodies,  Bergmann  called  elective  attraction. — 
(U.  187.) 

65.  Upon  this  principle,  tables  of  attraction  have  been  con-  Tables  ot 
structed,  the  substance  whose  affinities  are  to  be  represented  AuraQa«<t 
being  placed  at  the  head  of  a  column,  and  the  bodies  with  which 

it  combines  beneath  it,  in  the  order  of  their  respective  attractions 
(see  Brande^s  History  of  Chemistry^  p.  78 ;)  thus  the  affinity 
of  sulphuric  acid  for  several  substances  (or  bases)  would  ba 
shown  as  follows : 

SuLPHTTRTC  AciP. 


Baryta. 

Strontia* 

Potaifa* 

Soda. 

Lime. 

Ammonia* 


From  this  table  it  would  appear  that  baryta  separates  sul- 
phuric acid  from  its  compounds  with  all  the  inferior  substances, 
and  that  ammonia  is  separated  by  all  that  are  above  it.  There 
are,  however,  many  circumstances  which  interfere  with  the 
usefulness  and  accuracy  of  such  tables.  The  relative  forces  of 
chemical  attraction  cannot  always  be"  determined  by  observing 
the  order  in  which  substances  separate  each  other  when  in  com- 
bination ;  and  in  some  cases  there  are  anomalies  in  the  mutual 
agencies  of  bodies  which  wholly  subvert  the  usual  order  of 
arrangement.  One  of  these  has  been  pointed  out  by  Mr  R, 
Phillips, — {Quarterly  Journal j  Vol.  i.  p.  80.) 

66.  Simple  decomposition  may  be  expressed  also  by  another  Bmsbmibi** 
form,  contrived  by  Bergmann.     Thus,  the  following  scheme  ^^^ 
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illustrates  the  decomposition  of  muriate  of  magnesia  by  pot- 
assa : 


Muriate  of  Pota^sa. 


•Mariate 

ol 
Mag 


iriate      i 

<•'  .  ] 

igneiia.  f 


Muriatic  acid. 
Magneria. 


Water  at  60^ 


Potaaaa. 


Magnesia. 


The  original  compound  (muriate  of  magnesia)  is  placed  on 
the  outside  and  to  the  left  of  the  vertical  bracket.  The  in- 
cluded space  contains  the  original  principles  of  the  compound, 
and  also  the  body  which  is  added  to  produce  decomposition. 
Above  and  below  the  horizontal  lines  are  placed  the  results 
of  their  action.  The  point  of  the  lower  horizontal  line  being 
turned  downwards,  denotes  that  the  magnesia  falls  down  or  is 
precipitated  ;  and  the  upper  line,  being  perfectly  straight,  shows, 
that  the  muriate  of  potassa  remains  in  solution.  If  boih  the 
bodies  had  remained  in  solution,  they  would  both  have  been 
placed  above  the  upper  line;  or,  if  both  had  been  precipi- 
tated, beneath  the  lower  one.  If  either  one  or  both  had  escaped 
in  a  volatile  form,  this  would  have  been  expressed  by  placing 
the  volatilized  substance  above  the  diagram,  and  turning  up- 
wards the  middle  of  the  upper  horizontal  line.  But  since  de- 
compositions vary  under  different  circumstances,  it  is  necessary 
.  to  denote,  by  the  proper  addition  to  the  scheme,  that  the  bodies 
are  dissolved  in  water  of  the  temperature  of  60°.     H.  1.  54. 

67.  Decomposition  is  effected  under  a  variety  of  circum- 
stances, and  by  many  methods  ;  but  it  is  commonly  described 
by  chemists  as  Simple  and  Complex  or  Single  and  Double; 
Single  de-  Q^.  In  cases  of  simple  attraction  or  affinity,  one  body  sepa- 
oomp(MiUon.  j-^tes  another  from  its  combination  with  a  third.  Thus  when 
potassa  is  added  to  a  solution  of  sulphate  of  zinc  (composed  of 
sulphuric  acid  and  oxide  of  zinc,)  the  oxide  of  zinc  is  separated, 
and  sulphate  of  potassa  is  produced;  and  in  the  experiments  (61) 
the  substances  added  manifest,  as  it  were,  a  choice  for  one  of 
two  others  uniting  with  it  by  preference  and  to  the  exclusion 
of  the  other.  Many  of  the  decompositions  that  occur  in 
chemistry  are  instances  of  single  elective  affinity. 

69.  In  cases  of  double  decomposition,  two  new  compounds 
are  produced  ;  as  when  a  solution  of  nitrate  of  baryta,  is  mixed 
with  a  solution  of  sulphate  of  soda,  the  results  are  a  precipitate 
of  sulphate  of  baryta,  and  a  solution  of  nitrate  of  soda. 

In  a  watery  solution  of  iiilpbate  of  zinc  (white  Titriol)  immerse  a  thin  sheet 
of  lead ;  the  lead  will  remain  unaltered,  as  al»o  will  the  sulphate  of-ziDc, 
becaose  zinc  attracts  »ulphtiric  acid  more  stronghr  than  lead.  But  let  a  eola- 
tion of  acetate  of  lead  be  mixed  with  one  of  sulphate  of  zinc ;  the  lead  will 
then  go  over  to  the  sulphuric  acid,  while  the  zinc  passes  to  the  acetic.  The 
sulphate  of  lead  hein<(  in.«oluble,  will  fall  down  in  the  state  of  a  white  powder; 
but  the  acetate  of  zinc  will  remain  in  solution.     (H.) 

70.  These  cases  of  double  decomposition  are  sometimes 
eonveixieotly  illustrated   by  diagrams,   which  may   either   be 


Doable    de- 
composition. 


&p. 
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constructed  so  as  merely  to  show  the  result  of  the  change,  or 
where  required  they  may  also  exhibit  the  composition  of  the 
acting  bodies.  In  the  case  just  alluded  to  (69)  the  substances 
before  mixture  are  shown  by  parallel  lines,  and  after  mixture 
by  diagonal  lines* 

Nitric  Acid.  Baryta. 


Su]pburic  Acid.  Soda. 


Or  a  more  complete  view  of  the  change  is  given  in  the  follow* 
ing  diagram,  where  the  bodies  before  mixture  are  placed  upon 
the  outside  of  the  perpendicular  lines ;  their  component  parts 
are  shown  within  them  ;  and  the  new  results  on  the  outside  of 
the  horizontal  lines. 

* 

Nitrate  of  Soda. 


Nitrate  of  Baryta. 


Nitric  Acid.  Soda. 


Baryta.        Sulpharic  Acid. 


Sulphate  of  Soda< 


Sulphate  of  Baryta. 

71.  It  is  obvious,  from  the  uniform  results  of  chemical  action  ^'J"'^'^  *^' 
that  affinity  must  be  governed  by  certain  definite  laws,  by  which  ed'byS&ou 
its  results  are  determined,  and  upon  which  its  uniformity  de-  '*^' 
pends.     Attention  was  first  called  to  this  subject  by  Mr  Higgins  gj^^j^* 

m  1789, — {Comparative  View  of  the  Phlogistic  and  ^nti-  i^Mir 
phlogistic  Theories.)  He  conceived  that  chemical  attraction 
only  prevailed  between  the  ultimate  particles  of  simple  elemen- 
tary matter,  and,  between  compound  atoms;  and,  in  applying  this 
idea  to  chemical  theory,  he  expressed  by  numbers  the  relative 
forces  of  attraction  subisting  between  the  difierent  kinds  of 
ultimate  particles  and  atoms  of  matter. 

72.  These  views  were  subsequently  extended  and  improved  Made  a  ty-. 
by  Mr  Dalton,  and  have  since  engaged  the  attention  of  some  b^i^dtS!^ 
of  the    most  eminent   chemical   philosophers ;   among  whom 

we  may  enumerate  Gay  Lussac,  fierzelius,  Davy,  Woilaston, 
Thomson  and  Brande. 

73.  In  the  chemical  combination  of  bodies  with  each  other  Lawtofeom- 
we  remark, 

1st  Some  bodies  unite  in  all  proportions ;  for  example,  water 
and  sulphuric  acid,  or  water  and  alcohoi. 

2dly.  Other  bodies  combine  in  all  proportions,  as  far  as  a 
certain  point,  beyond  which,  combination  no  longer  takes  place. 


30  Chemical  affinity — Definite  proportions,     chaf.  i. 

Thus  water  will  take  up  successive  portions  of  common  salt^ 
until  at  length  it  becomes  incapable  of  dissolving  any  more.  In 
cases  of  this  sort,  as  well  as  in  those  included  under  the  first 
head,  combination  is  weak  and  easily  destroyed,  and  the  quali- 
ties which  belonged  to  the  components  in  their  separate  state, 
continue  to  be  apparent  in  the  compound. 
Definite  pro-  3dly.  In  Other  cases  bodies  uuite  in  a  few  proportions  only. 
portioiM.  Of  these  bodies  some  form  but  one  combination.  Thus,  there 
is  but  one  compound  of  zinc  and  oxygen,  or  of  chlorine  and 
hydrogen.  Others  combine  in  two  proportions.  For  example, 
two  compounds  are  formed  by  copper  and  oxygen,  or  by 
hydrogen  and  oxygen.  Other  bodies  again  unite  in  three,  four, 
five  or  six  proportions,  which  is  the  greatest  number  of  com* 
pounds  that  any  two  substances  arc  known  to  produce, excepting 
those  which  belong  to  the  first  division. 

When  bodies  unite  in  a  few  proportions,  their  compounds 
formed,  so  long  as  they  retain  their  characteristic  properties^ 
always  consist  of  the  same  elements  united  together  in  the  same 
proportion.  Sulphuric  acid,  for  example,  is  always  composed  of 
sulphur  and  oxygen  in  the  ratio  of  IG  parts,  by  weight,  of  the 
former,  to  24  of  the  latter ;  no  other  elements  can  form  it,  nor 
can  its  own  elements  form  it  in  any  other  proportion. 

So  also  when  bodies  unite  in  several  proportions,  these  pro- 
portions are  definite,  and,  in  the  intermediate  ones,  no  combina- 
tion ensues.  Thus  6  parts  by  weight  of  charcoal  combine  with 
8  of  oxygen,  or  with  16,  but  with  no  intermediate  quantity; 
64  parts  of  copper  combine  with  8  of  oxygen,  or  with  16,  and 
with  those  proportions  only. 
Lawofmoi-  74.  Now  it  is  remarkable,  that  when  one  body  enters  into 
^^^  combination  with  another,  in  several  different  proportions,  the 

numbers  indicating  the  greater  proportions  are  exact  simple 
multiples  of  that  denoting  the  smallest  proportion.  In  other 
words,  if  the  smallest  proportion  in  which  B  combines  with  A, 
be  denoted  by  10,  A  may  combine  with  twice  lOof  B,  or  with 
three  times  10,  and  so  on ;  but  with  no  intermediate  quantities. 
There  cannot  be  more  striking  instances  of  this  law  than  those 
above  mentioned,  of  the  compounds  of  copper  and  charcoal 
with  oxygen  ;  in  which  the  oxygen  of  the  last  compound  may 
be  observed  to  be  a  multiple  of  that  of  the  first  by  the  number 
2.  ,H.  1.  43. 
Tabieoreon»>  75.  The  following  table  exhibits  the  proportions  by  weight 
pITrtiJnB^'S'  ^^  which  oxygen  combines  with  several  other  bodies  (or  bases,) 
c^yfen.  in  which  it  will  be  observed  that  the  numbers  denoting  the 
oxygen  attached  to  the  same  body  bear  a  very  simple  ratio  to 
each  other. 

tabic              Water ii  oompoied  of  Hjdrogen  1  Oxygen    8 

Deuloxide  of  Hjdrogen     .**,..  "  1  ••        16 

Carbonic  oxide     .     •     .     •      **      •     •     •  Carbon  6  *'*          \i 

Carbonic  acid       ....'<...  ''  6  "        16 
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Hypoftalphuron*  «cid       U  compoted  of  Sulphur  16      Oxyeen      8 

Sulphurous  hcid    ...."...  "  16  ^*         16 

Sulphuric  bcid      ...."...  •'  16  "24 

KiirouB  oiide        ....      **      .    .     .  Nitrogen  14  **          8 

Nitric  oxide "...  "  14  «*        16 

Hvpoiiitroiis  acid       ...*•..    .  "  14  *«        24 

Kilfousacid "...  "  14  '•        3« 

Nitric  acid "...  *'  14  "40 

It  is  manifest  from  these  examples,  that  bodies  unite  accord- 
ios;  to  proportional  numbers,  and  hence  has  arisen  the  use  of 
certain  terms,  as  proportion^  representative  numbers^  &c.  to 
express  them. 

76.  Compound  bodies  obey  the  same  law,  and  the  proportions  bXTdb?» 
in  which  they  combine  may  likewise  be  expressed  by  numbers,  thcsamebp. 
Thus  since  water  is  composed  of  1  proportion  of  oxygen  and  1 

of  hydrogen,,  and  as  the  oxygen  is  8  times  lieavier  than  the 
hydrogen,  9  will  be. the  weight  of  1  proportion  of  water.  The 
proportional  or  representative  number  of  sulphuric  acid  will  be 
40,  because  it  is  a  compound  of  one  proportion  (or  16  by  weight) 
of  sulphur  and  three  proportions  (or  24  by  weight)  of  oxygen.  / 
Now  when  these  compounds  unite,  one  proportion  of  the  one 
combines  with  one,  two,  three  or  more  proportions  of  the  other 
precisely  as  the  simple  substances  do.  The  hydrate  of  potassa 
for  example,  is  constituted  of  48  potassa  and  9  of  water,  and  its 
repi^sentative  number  will  be  48-f  9  or  57.  The  sulphate  of 
potassa  is  composed  of  40  sulphuric  acid  +  ^9  potassa,  and  its 
number  will  be  40+48  or  88. 

77.  The  same  compound  body  w  always  of  the  same  compo-  Theircomp* 
sition  ;  no  variation  in  the  proportion  of  its  elements  can  by  tom. 
any  possibility  take  place  :  48  parts  of  potassa  combine  with  54 

parts  of  nitric  acid  to  produce  102  parts  of  nitre;  no  method 
of  putting  the  substances  together,  as  By  causing  an  excess  of 
the  one  or  the  other,  or  abstracting  one  from  a  previous  state  of 
combination,  or  allowing  other  substances  to  be  present,  can 
eause  any  change  in  these  proportions.  Nor  is  this  confined  to 
the  numbers  48,  54  and  103,  but  whatever  may  be  the  quantity 
of  these  elements  in  combination,  or  of  the  nitre  produced,  the 
proportions  will  be  the  same. 

78.  Henee  the  composition  of  a  substance  being  once  accurately  Their  compos 
ascertained,  it  requires  no  further  investigation  ;  for  whenever  dul^/^ 
that  substance  re-occurs,  whatever  may  be   its  quantity,  the 
proportion  of  the  elements  existing  in  it  may  be  deduced  .from 

the  former  determination ;  and  whether  nitre  be  produced  by 
combining  together  pure  nitric  acid  and  potassa,  or  by  using 
nitric  acid  with  carbonate  of  potassa,  or  precipitating  a  nitrate 
of  copper  by  potassa,  or  in  any  other  manner,  still  it  will  con- 
tain the  above  proportions  of  potassa  and  nitric  acid  :  whatever 
its  quantity,  yet  ^  parts  of  it  will  be  potassa,  aud  ^^  nitric 
acid.  It  is  but  another  form  of  this  natural  law  to  say  that  the 
same  quantity  of  an  element  always  requires  the  same  quantity 
of  another  element  to  form  the  same  resulting  compound. 
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OHAP.  U 


Ncatralxa- 
tioo. 


Meaning  of 
Uio  torin 
eqaivaleut. 


79.  It  has  been  remarked  (44)  that  wheo  bodies  mutually 
disguise  each  others  properties,  ihey  are  said  to  neutralize  each 
other  :  an  effect  especially  exemplified  in  the  union  of  acids 
and  alkalies.  The  neutralizing;  power  of  the  different  alkalies  is 
very  different.  Thus  10  of  Fluoric  acid  will  be  neutralized  by 
IS  of  lilhia,  or  by  32  of  soda,  or  by  78  of  baryta.  Or  28  of 
lime  will  be  neutralized  by  2S  of  phosphoric  acid,  or  by  40  of 
sulphuric,  or  62  of  arsenic  acid. 

If  a  quantity  of  sulj)hate  of  soda  in  solution  be  poured  into 
a  solution  of  nitrate  of  baryta,  the  latter  being  in  excess,  a 
quantity  of  sulphate  of  baryta  will  precipitate,  and  nitrate  of 
soda  will  remain  in  solution  with  the  excess  of  nitrate  of  baryta. 
So  much  of  the  nitrate  of  baryta  will  be  decomposed  as  is 
sufficient  to  supply  the  necessary  quantity  of  baryta  to  combine 
with  the  whole  of  the  sulphuric  acid  in  the  sulphate  of  soda, 
and  to  form  sulphate  of  baryta  with  it ,  but  the  point  now  to 
be  observed  is,  that  the  quantity  of  nitric  acid  which  leaves  the 
baryta,  will  be  exactly  that  required  to  combine  with  the  soda 
separated  from  the  sulphate  of  soda,  to  form  with  it  the  neutral 
salt,  nitrate  of  sodji;  for  the  two  solutions,  after  mixture  and 
chemical  change,  will  be  found  as  neutral  as  before. 

It  is  evident  from  this  experiment,  that  the  nitric  acid  is 
exactl}'  equivalent  in  combining  and  saturating  power  with  the 
sulphuric  acid ;  for  they  have  both  equally  neutralized ^he 
portion  of  soda  in  the  solution,  and  what  is  more,  they  have 
also  both  equally  neutralized  the  portion  of  baryta,  which  has 
changed  acids  during  the  experiment.  It  will  be  perceived  too, 
that  the  baryta  in  the  sulphate,  and  the  whole  of  the  soda,  are 
similarly  circumstanced  with  respect  to  each  other ;  for  they 
have  both  exactly  neutralized  the  active  portions  of  the  two 
acids.  The  excess  of  nitrate  of  baryta  undergoes  no  change 
during  the  experiment,  and  is  merely  considered  as  present  to 
ensure  the  total  decomposition  of  the  sulphate  of  soda. 

80.  Similar  phenomena  are  presented  by  all  other  neutral 
saline  bodies ;  the  reciprocity  of  saturating  power  is  found  to 
exist  as  above  described  whenever  chemical  change  takes  place, 
and  is  therefore  dependant  upon  no  particular  body,  but  belongs 
to  all.  Hence  a  correct  notion  may  be  formed  of  the  meaning 
of  the  term  equivalent  as  applied  to  bodies  acting  chemically. 
The  quantities  of  substances,  which,  by  combining  together 
saturate  each  other,  are  equivalent  in  their  power  of  combina- 
tion ;  thus  40  parts  of  sulphuric  acid  are  equivalent  to  the 
saturation  of  78  parts  of  baryta.  The  quantities  of  two  or  more 
substances  which  combine  with  and  saturate  an  equal  quantity 
of  the  same  substance,  are  equivalent  to  each  other  in  their 
saturating  power ;  thus  40  parts  of  sulphuric  acid  and  54  parts 
of  nitric  acid  are  equivalents,  for  both  are  competent  to  combine 
with  and  neutralize  32  parts  of  soda  or  78  parts  of  baryta :  and 
the  latter  are  equivalents  for  the  same  reason.  Also  the  quan* 
titles  of  compound   bodies  which  mutually  act  upon  each  other 
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are  equivalents^  because  the  same  proportional  quantities  are 
always  necessary  and  always  sufficient 

The  term  chemical  equivalent  may  therefore  be  used  to 
imply  that  proportion  of  a  body  which  is  necessary  to  .'^ct  upon 
another  body,  the  circumstances  of  chemical  affinity  being  such 
as  to  permit  action  to  take  place  ;  and  it  has  been  found  that 
the  proportions  are  the  same  for  one  body,  whatever  other  body 
it  be  compared  with  So  that  if  a  particular  number  be  arbi- 
trarily taken  to  represent  the  quantity  of  any  one  substance 
competent  to  enter  into  combination,  and  be  called  its  cquiva" 
lenty  then  all  the  equivalents  of  other  substances  may  be 'set 
down  in  numbers,  those  numbers  being  in  the  same  proportion 
to  the  first  number,  that  the  combining  quantities  they  repre- 
sent are,  to  the  combining  quantity  of  substances  to  which  that 
first  number  belongs.  Thus  in  the  change  between  nitrate  of 
baryta  and  sulphate  of  soda,  (79),  suppose  the  number  40  to  be 
assumed  as  the  equivalent  number  of  the  sulphuric  acid  present, 
then  32  will  be  the  equivalent  of  the  soda,  for  so  much  is  com- 
bined with  the  40  of  sulphuric  acid  ;  and  54  will  be  the  equi- 
valent of  the  nitric  acid,  for  so  much  will  combine  with  the 
32  of  soda,  and  78  will  be  the  equivalent  of  the  baryta  ;  118 
will  be  the  equivalent  of  the  sulphate  of  soda,  132  of  the  nitrate 
of  baryta,  and  86  of  the  nitrate  of  soda.     F.  554. 

81.  The  determination  of  these  equivalents,  or  proportional  Detem'tft- 
numbers,  is  purely  a  matter  of  experiment.     The  commence-  VaJiiif'"*' 
ment  is  made  by  carefully  analyzing  a  definite  compound  of  two 
simple  substances  which  possess  an  extensive  range  of  affinity. 

No  two  bodies  Tre  better  adapted  for  this  purpose  than  oxygen 
and  hydrogen,  and  that  compound  is  selected  which  contains 
the  smallest  quantity  of  oxygen.  Water  is  such  a  substance, 
and  it  is  therefore  regarded  as  a  compound  of  one  proportion 
of  oxygen  to  one  proportion  of  hydrogen  But  analysis  proves 
that  it  is  a  compound  of  8  parts  by  weight  of  the  former  to  1 
of  the  latter,  by  which  the  relative  weights  of  their  proportions 
are  determined,  that  of  oxygen  being  eight  times  heavier  than 
that  of  hydrogen. 

Some  compounds  are  next  examined  which  contain  the 
smallest  proportion  of  oxygen  or  hydrogen  in  combination  with 
some  other  substance,  the  quantities  of  each  being  the  smallest 
that  can  unite  together.  Carbonic  o^cide  with  respect  to  carbon, 
and  sulphuretted  hydrogen  with  respect  to  sulphur,  answer  this 
description  perfectly.  The  former  consists  of  8  oxygen  and  6 
carbon  ;  the  latter  of  1  hydrogen  and  16  sulphur.  The  pro- 
portional number  of  carbon  is  consequently  6,  and  of  sulphur 
16.  The  proportions  of  all  other  bodies  may  be  determined 
in  the  same  manner. 

82.  Since  these  numbers  merely  express  the  relative  qunn-  immttorui 
titles  of  different  substances  which  combine  together,  it  is  in  JlJjcmi.iIIr5. 
itself  immaterial  what  figures  are  employed  to  express  them. 

The  only  essential  point  is,  that  the  relation  should  be  strictly 
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observed.  Thus,  we  may  make  the  combining  proportion  of 
hydrogen  10  if  we  please  ;  but  then  oxygen  must  be  80,  car- 
bon 60,  and  sulphur  160.     T.  127. 

83.  These  equivalent  numbers,  when  once  well  ascertained 
and  arranged  in  a  tabular  form,  become  a  safe  and  invaluable 
source  of  information  to  the  chemist.  By  adapting  a  table  of 
this  sort  to  a  moveable  scale,  on  the  principle  of  Gunter's 
sliding  rule,  Dr  Wollaston  has  constructed  a  logomeirie  scale 
of  chemical  equivalentSy  which  is  capable  of  solving  with 
great  facility  many  problems  of  chemistry.* 

84.  To  account  for  the  laws  observed  with  regard  to  these 
definite  combinations  Mr  Dalton  has  proposed  what  may  be  term- 
ed the  Atomic  Theory  of  the  chemical  constitution  of  bodies. 

Though  we  appear  when  we  effect  the  chemical  union  of 
bodies,  to  operate  on  masses,  yet  it  is  consistent  with  the  most 
rational  view  of  the  constitution  of  bodies  to  believe,  that  it  is 
only  between  their  ultimate  particles,  or  atoms,  that  combi- 
nation takes  place.  By  the  term  atoms,  it  has  been  already 
stated,  we  are  to  understand  the  smallest  parts  of  which  bodies 
are  composed.  An  atom  therefore,  must  be  mechanically  indi- 
visible, and  of  course  a  fraction  of  an  atom  cannot  exist. — 
Whether  the  atoms  of  different  bodies  be  of  the  same  size,  or 
of  different  sizes,  we  have  no  sufiScient  evidence. 

Taking  for  granted  that  combination  takes  place  between  the 
atoms  of  bodies  only,  Mr  Dalton  has  deduced,  from  the  relative 
weights  in  which  bodies  unite,  the  relative  weights  of  their 
ultimate  particles  or  atoms.  When  only  one  combination  of 
any  two  elementary  bodies  exists,  he  assumes,  unless  the  con- 
trary can  be  proved,  that  its  elements  are  united  atom  to  atom 
singly.  Combinations  of  this  sort  he  calls  binary.  But  if 
several  compounds  can  be  obtained  from  the  same  elements, 
they  combine,  he  supposes,  in  proportions  expressed  by  some 
simple  multiple  of  the  number  of  atoms.  The  following  table 
exhibits  a  view  of  these  combinations  : 


Weight  of 
fttonM. 


1  atom    of  A  -I-  1  atom    of  6 

1  atom    of  A  -  -  2  atoms  of  B 

2  atoms  of  A  -  -  1  atom    of  B 
1  atom    of  A  --  3  atoms  of  B 

3  atoms  of  A  -f-  1  atom    of  B 


1  atom  of  C,   binarj. 
i  atom  of  n,  ternary, 
1  atom  of  E,   tfrnarj. 
1  atom  of  F,   qiiaternarj. 
1  atom  of  G,   quateniarj.f 


If  water,  for  example,  is  composed  of  an  atom  of  hydrogen 
and  an  atom  of  oxygen,  it  follows  that  every  compound  of  hy- 
drogen with  an  additional  quantity  of  oxygen  must  contain  2,  3, 


*  For  a  detcription  of  this  instroment  see  the  appendix. 

t  A  clifTorcnt  claMification  of  atoma  hai  been  propoaod  by  Berzclius  ;  viz.  into  1,  tismetttary  ;  % 
tempovmd  atcnii.  Tlie  compound  atoma  he  divides  a^ain  into  three  different  apecics,  namely  lat, 
atomii  formed  of  only  two  olcmentary  aub^taiieea  united,  or  compimnd  atovut  of  UU  first  order  :  Sily, 
fttonia  composed  of  more  tlian  two  elementary  aubatancea ;  and  tbeao,  as  they  are  only  found  in 
orgnnic  hodie:^,  or  boiHcs  obtained  by  the  destruction  of  organic  mairc^r,  he  calls  organic  atoms  :  Sdly, 
atoms  formed  by  the  union  of  two  or  more  compound  atoms  ;  as  fur  LxamiJo,  tlic  salts.  These  be 
<;allfi  coKtjtouttd  atom^  of  (A«  $ce<md  order*    II.  1.  44. 
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or  more  atoms  of  oxygen,  some  multiple  by  a  whole  number  of 
the  quantity  of  oxygen  coritaired  in  water. 

From  this  view  of  the  composition  of  water  it  is  obvious 
that  the  weight  of  an  atom  of  oxygen  is  eight  times  heavier 
than  an  atom  of  hydrogen.  The  relative  weight  of  the  atoms 
of  other  substances  may  be  determined  in  a  similar  manner. 
Thus  an  atom  of  carbon  is  six  times,  a«i  atom  of  sulphur  16  . 
times,  and  an  atom  of  chlorine  86  times  heavier  than  an  atom 
of  hydrogen  ;  and  this  explains  why  they  unite  in  proportions 
expressed  by  those  numbers.  What  are  called  the  proportional 
numbers  are  in  fact  nothing  else  but  the  relative  weight  of 
atoms. 

Some  chemists,  even  without  expressly  adopting  the  atomic 
theory  itself,  have  followed  Mr  Dalton  in  the  use  of  the  terms 
o/om,  and  atomic  weight j  in  preference  io  proportion^  egui^ 
valenty  &.c.  All  these  appellations,  however,  have  the  same 
signification  ;  and  in  using  the  word  atom  instead  of  the  otherS| 
it  should  be  held  in  mind  that  it  merely  denotes  the  proportions 
in  which  bodies  unite. 

85.  An  extension  of  the  law  of  definite  proportions,  so  far  'y^^^i 
as  respects  aeriform  bodies,  has  been  proposed  by  Gay  Lussac, 
Damely,  that  they  combine  in  proportions  determinable  by  tM^- 
lumCf  the  ratios  being  1  measure  of  A  to  1  of  B,  or  1  to  2,  or 

1  to  3,  &c.    Thus,  1  measure  of  oxygen  +  1  of  nitrogen  unite 
to  form  nitrous  gas,  1  oxygen  +  2  nitrogen  form  nitrous  oxide^ 

2  oxygen  -f  1  nitrogen  form  nitrous  acid,  &c. 

86.  Water  is  composed  of  hydrogen  and  oxygen,  and  1  part 
by  weight  of  the  former  gas,  unites  to  8  of  the  latter.  The 
specific  gravity  of  hydrogen  compared  with  that  of  oxygen,  is 
as  1  to  16  ;  it  is  obvious,  therefore,  that  one  volume  of  hydro- 
gen  unites  to  half  a  volume  of  oxygen,  and  that  the  composition 
etf  water  will  be  represented  by  weight  and  volume  thus. 


.   1 

Hydrogen 

8 
Orfg^n 

Muriatic  acid  gas  consists  of  1  part  by  weight  of  hydrogOQ 
amd  36,0  by  weight  of  chlorine.  The  relative  specific  gravities 
of  these  gases  are  as  1  to  36,0.  It  is  obvious,  therefore,  that 
they  combine  in  equal  volumes,  and  that  muriatic  acid  gas  may 
be  thus  represented  : 


1 

Hjdrof«n. 

»,0  • 

CaUorine. 

87.  Cliemists  have  found  it  convenient  to  refer  the  atomie    A^^^ 
vreight  of  different  bodies  to  some  standard,  which  is  assumed  ndtoMOM 
the  weight  of  an  atom  of  some  well  known  substance.    Two  ^l  *" 
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bodied  haFe  been  selected  for  this  purpose,  viz.  oxygen  and 
hydrogen.  These  bodies,  as  has  been  observed  (85),  unite  to 
form  water  in  the  proportion  of  8  to  1  :  if  we  suppose  there* 
fore  that  this  compound  is  formed  by  the  combination  of  L 
atom  of  each  element  and  if  we  represent  the  weight  of  the 
atom  of  oxygen  by  1,  we  shall  have  for  the  weight  of  the  atom 
of  hydrogen  \  or  ,125.  If  on.  the  contrary  we  represent  the 
weight  of  the  atom  of  hydrogen  by  1,  that  of  oxygen  must  be  8. 

Some  chemists,  however,  have  supposed  water  to  be  formed 
of  2  atoms  of  hydrogen,  united  to  one  of  oxygen,  because  there 
are  two  volumes  of  the  former  and  one  of  the  latter,  and  they 
consider  the  volumes  of  these  gaseous  bodies  as  representing 
atoms.     In  this  case  oxygen  will  be  represented  by  1,  and  hy- 
drogen by  yV  ^^  ,0625  ;   or  if  we  represent  hydrogen  by  1, 
oxygen  will  be  16.     Dr  Thompson  makes  oxygen  1,  so  that 
hydrogen  is  8  times  less  than  unity,  or  0,25,  carbon  0,75,  and 
sulphur  2.     Dr  Wollaston  in  his  scale  of  chemical  equivalents, 
fixes  oxygen  at  10,  by  which  hydrogen  is  1,25,  carbon  7,5  and 
so  on.     According  to  Berzelius  oxygen  is  100.     Sir  H.  Davy, 
Dalton,  Henry,  Brande  and  others  have  assumed  hydrogen  as 
the  unit,  and  have  referred  the  weights  of  the  atoms  of  other 
bodies  to  this  as  the  standard. 

88.  The  proof,  which  establishes  the  nature  of  chemical 
compounds,  is  of  two  kinds,  synthesis  and  analysis  Synthesis 
consists  in  effecting  the  chemical  union  of  two  or  more  bodies  ; 
and  analysis,  in  separating  them  from  each  other,  and  exhibiting 
them  in  a  separate  state.  The  composition  of  sulphate  of  cop- 
per (blue  vitriol)  is  synthetically  demonstrated  by  uniting 
sulphuric  acid  to  oxide  of  copper.  When  we  have  a  compound 
of  two  or  more  ingredients,  which  are  themselves  compounded 
also,  the  separation  of  the  compounds  from  each  other  may  be 
called  the  proximate  analysis  of  the  body  ;  and  the  farther 
separation  of  these  compounds  into  their  most  simple  principles, 
its  ultimate  analysis. 

Thus  the  .sulphuric  acid  of  the  sulphate  of  copper  consists  of 
sulphur  and  oxygen,  and  oxide  of  copper  consists  of  copper  and 
oxygen  ;  consequently  we  should  say  that  the  ultimate  com- 
ponent parts  of  blue  vitriol  are  copper,  sulphur,  and  oxyji^eiu 

The  proximate  analysis  of  sulphate  of  potassa  consists  in 
resolving  it  into  potassa  and  sulphuric  acid  ;  and  its  ultimate 
analysis  is  effected  by  decomposing  the  potassa  into  potassiuni 
and  oxygen,  and  the  sulphuric  acid  into  oxygen  and  sulphur. 

When  the  analysis  of  any  substance  has  been  carried  as  far 
as  possible,  we  arrive  at  its  most  simple  principles,  or  elem^ents  ; 
by  which  expression  we  arc  to  understand,  not  a  body  that  is 
incapable  of  further  decomposition,  but  only  one  which  has 
not  yet  been  decomposed.  The  progress  of  chemical  science, 
for  several  centuries  past,  has  consisted  in  cai^rying  still  fartiier 
the  analysis  of  bodies,  and  in  proving  those  to  be  compounded, 
which  had  before  been  considered  aa  elementary.     II.  1. 
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Section  III.    Heat* 

89.  No  sensations  are  more  familiar  to  us  than  those  of  heat  b^^a"*^^ 
and  cold.     They  are  excited  by  bodies  applied  to  our  organs,  ^^^ 

and  at  different  times  very  different  degrees  of  sensation  are 
excited.  The  same  body  is  capable  at  one  time,  of  occasion- 
ing the  feeling  of  intense  cold  ;  in  a  short  time  it  may  convey 
an  agreeable  warmth,  and  by  another  change  of  circum- 
stances, it  m$iy  induce  extreme  heat.  From  this  it  is  evident 
that  the  power  of  inducing  these  sensations  does  not  depend 
upon  the  matter  itself,  which  is  applied  to  our  ors^ans  ;  for 
every  shade  of  sensation  is  produced,  without  the  qualities  of 
that  naatter  being  permanently  changed  ;  it  is  considered  there- 
fore as  depending  on  the  operation  of  a  certain  power  or 
subtle  principle,  present  in  bodies,  and  which,  according  to 
its  quantity,  gives  rise  to  the  power  of  exciting  different  sen- 
sations. 

If  a  piece  of  iron  be  made  red  hot,  we  conceive  thaX  a  quan-  Heatarabtto 
tity  of  what  we  call  Aea/,  that  is,  of  a  certain  subtle  power,  has  pd^pk! 
entered  into  it,  and  that  the  property  the  iron  in  this  state  has, 
of  affecting  the  organs  of  animals  in  a  peculiar  manner,  depends 
on  the  presence  of  this  power.     When  the  iron  is  left  to  cool, 
we  suppose  that  it  parts  with  its  excess  of  heat. 

90.  This  principle,  or  power,   has  been  distinguished  by  ?"JII?*^^ 
various  appellations,  as  Fire,  Heat,  the  matter  of  Heat,  or  the  ^'°*^* 
Igneous  fluid  ;   terms  which  are  either  ambiguous,   or  which 
involve  some  hypothesis,  and  which  are  superseded  by  the  un- 
exceptionable appellation  of  Caloric.     M.  1.  183.*  * 

91.  Caloric,  so  far  as  its  chemical  agencies  are  concerned,  JjJ^„2Jei 
may  be  chiefly  considered  under  two  views — as  an  antagonist  twoviowa. 
to  the  cohesive  attraction  of  bodies — and  as  concurring  with, 

and  increasing  elasticity.  By  removing  the  particles  of  any 
solid  to  a  greater  distance,  from  each  other,  their  cohesive  at- 
traction is  diminished  ;  and  one  of  the  principal  impediments 
to  their  union  with  other  bodies  is  overcome.  On  the  other 
hand,  caloric  may  be  infused  into  bodies  in  such  quantity,  as 
not  only  to  overcome  cohesion,  but  to  place  their  particles  be- 
yond the  sphere  of  chemical  aflSnity.  Thus,  in  the  class  of  sub- 
stances, called  gases,  the  ponderable  ingredient,  whether  solid 
or  liquid,  is  dissolved  in  so  much  caloric,  that,  in  mechanical 
properties,  the  gases  agree  with  the  air  of  our  atmosphere,  es- 
pecially in  being  permanently  elastic.  Different  bodies  of  this 
class  do  not,  in  general,  unite,  by  simple  mixture.  But  if,  of 
two  gases,  we  employ  either  one  or  both  in  a  state  of  great  con- 
densation, the  gravitating  matter  of  both  unites,  and  forms  a 


*  Or  w«  may  doSoe  caloric  a>  the  agent  to  which  the  pb«noinona  of  beat  and  combustion  are 
aaarilied.    U.  iS. 
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new  compound.  Hydrogen  and  nitrogen  gases,  for  exanriple, 
may  be  mingled  together,  in  the  proportions  adapted  to  form 
ammonia,  without  any  production  of  that  compound.  But  if 
hydrogen,  in  what  has  been  called  its  nascent  state,  (that  is,  be- 
fore it  has  acquired  an  atmosphere  of  heat  and  become  gaseous,) 
be  brought  into  contact  with  nitrogen  gas,  ammonia  is  then 
generated.     {See  Ammonia,) 

In  many  cases,  also,  when  two  bodies  are  combined  together^ 
one  of  which  is  fixed,  and  the  other  becomes  elastic  by  union 
with  caloric,  we  are  able,  by  its  interposition  alone,  to  effect 
their  disunion.  Thus  carbonate  of  lime  gives  up  its  carbonic 
acid  by  the  mere  application  of  heat. 

We  may  consider,  then,  all  bodies  in  nature  as  subject  to  the 

bodiM  iDflu-  action  of  two  opposite  forces,,  the  mutual  attraction  of  their 

2^  ^^  ^'  particles  on  the  one  hand,  and  the  repulsive  power  of  caloric 
on  the  other  ;  and  bodies  exist  in  the  solid,  liquid,  or  elastic 
state,  as  one  or  the  other  of  these  forces  prevails.  Water,  by 
losing  caloric,  has  its  cohesion  so  much  increased,  that  it  as* 
sumes  the  solid  form  of  ice  ;  adding  caloric,  we  diminish  again 
its  cohesion,  and  render  it  fluid  ;  and,  finally,  by  a  still  farther 
addition  of  caloric,  we  change  it  into  vapour,  and  give  it  so 
much  elasticity,  that  it  may  be  renderer)  capable  of  bursting 
the  strongest  vessels.  In  many  liquids,  the  tendency  to  elas- 
ticity is  even  so  great,  that  they  pass  to  the  gaseous  form  by 
the  mere  removal  of  the  weight  of  the  atmosphere.  H.  I.  78. 
92.  Expansion  is  the  most  obvious  and  familiar  effect  of  heat ; 

iIoSmmu^  and  it  takes  place  though  in  different  degrees,  in  all  forms  of 
matter. — When  a  body  which  occasions  th^  sensation  of  heat 
on  our  organs,  is  brought  into  contact  with  another  body  which 
has  no  such  effect,  the  resitlt  of  Xheir  mutual  action  is  that  the 
hot  body  contracts,  and  loses  to  a  certain  extent  its  power  of 
communicating  heat,  and  the  other  body  expands,  and  in  a 
degree  acquires  this  power.     D.  I.  70. 

The  expansion  of  solids  may  be  made  apparent  by  heatinj;  a 

J^^^S^i.  rod  of  iron,  of  such  a  length  as  to  be  included,  when  cold^ 
between  two  points,  and  the  diameter  of  which  is  such,  as 
barely  to  allow  it  to  drop  through  an  iron  ring.  When  heated^ 
it  will  have  become  sensibly  longer  ;  and  it  will  be  found  inca- 
pable of  passing  through  the  ring. 

PruKapie  ^3.  This  prop«rty  of  metals  has  been  applied  to  the  con- 

p^n^tlln*    struction  of  an  instrument  for  measuring  temperature,  called  a 

•rama4ie.     pyrometcrJ^ 


*  An  iutniaient  of  this  kisd  ii  reprewnted  by  fig.  S5,  which  will  be  fonnd  veiy  convenieDt  fot 
■bowing  the  expamibilitiet  of  bars  of  difibrent  moiab,  at  temperatorai  not  exceeding  that  of  boilii^ 
water-    Upon  a  flat  piece  of  mahogany  are  fixed  brojis  studc,  g  g^  on  which  the  metallic  bar,  y/\  is 

Pl«  1.  placed.    One  end  of  this  bar  bears  against  a  lever  &  at  a  point  very  near  its  folemm  ;  the  otber  etad 

of  this  lever,  which  is  bent|  bears  against  another  lever  e,  the  lower  extremity  of  which  is  aa  indax. 

^.^^  Beneath  this  index  is  a  graduated  arc  d»    When  we  wish  to  immense  the  bar  in  hot  water,  or  to 

apply  heat  gradually  through  tlie  roedinm  of  water,  the  bar  is  passed  throogh  the  brass  box  «»  ^irhich 
his  an  aperture  al  each  end.    An  opaning  is  left  in  the  boaid  iaunodiatelj  under  the  box,  to  aUo^r 
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94.  The  dec^ree  of  expansion  is  not  the  same  for  all  solids,  f^'Jiygj;; 
and  even  differs  materially  in  substances  of  the  same  class*  powen  o/(SU 
Thus,  the  metals  expand  in  the  following  o(der,  the  most  ex-  p«""^' 
pansible  beia^  placed  first ;  zinc,  lead,  tin,  copper,  bismuthi 

iron,  steel,  antimony,  palladium,  platinum.     H.  1.  89. 

95.  Solids  are  less  expansible  than  liquidsi  and  gases  or  aeri- 
form bodies  more  than  liquids. 

96.  The  expansion  of  liquids  may  be  shown  by  the  follow-  j?^^**"*  *»*" 
ing  experiment  : 

Into  a  glass  veitel,  (fi%,  II)  having  a  narrow  neck,  introduce  lomo  tpirits  of  pi.  i. 
wine,  and  apply  the  heat  of  a  lamp  ;  or  ioimerte  the  ball  o(  the  veisel  in  hot  Exp. 
water— the  apiriti  of  wine  will  expaud  and  rise  in  (he  narrow  neck. 

97.  Liquids  differ  also  in  their  relative  expansibilities  :  ether  TbeirreiaUvf 
is  more  expansible  than  spirit  of  wine,  and  spirit  more  than  ^'J^Jj^Bt. 
water,  and  water  more  than  mercury.     Those  liquids  are  gene- 
rally most  expansible  which  boil  at  the  lowest  temperature. 

Tbit  may  be  rendered  evident  by  partially  filling  teveral  gla»»  tubes  of  equal  Sxp. 
diameteri,  furnished  with  bulbp,  with  the  different  liquid^  and  placing  theru 
in  hot  water  ;  at  the  liquids  expand,  they  will  rise  to  different  heic^hts  in  the 
tabes.    To  render  this  more  apparent  the  liquids  may  be  tinged  with  some 
colooring  matter. 

The  expansion  of  Meriform  bodies  may  be  shown  by  filling  the  body  of  (he  Aerifonn 
vessel  (fig.  10)  with  water  nnd,  keeping  the  finger  over  the  orifice  of  the  npck,  bodies. 
inverting  it  in  a  vessel  of  water,  the  air  will  rise  and  occupy  the  body  of  the  ^P* 
vessel ;  apply  the  beat  of  a  lamp,  and  the  air  will  expand  and  cause  the  water 
to  descend  in  the  neck  of  the  vessel. 

If  a  bladder  filled  with  air,  the  neck  of  which  is  closely  tied,  be  held  before  Exp. 
afire,  it  will  become  fully  distended,  and  may  even  be  burst  by  coutluuiog 
and  increasing  the  heat. 

98.  In  all  pure  gaseous  bodies,  the  rate  of  expansion  for  Rate  of  ex- 
similar  increase  of  temperature  is  similar  :  100  measures  of  air,  S^M^pon 


ofa  lamp.  Hie  smsll expaiwoo ef tfie  meUlfie  bar  i«  magnified  bf the fiist leTor  ia  the 
propoitioo  of  the  distancea  of  tbe  point  of  prowure  from  ila  plane,  and  from  its  olber  extremitjr ;  oad 
tUi  oagnified  efibet  ia  Sfain  mafnilied  by  tbe  otber  lever,  to  that  an  expanaion  of  tbe  400tb  part  of 
SB  incb  etmeqwoda  to  a  wbole  incb  on  tbe  scale.  Thk  pyrometer  ii  liable  te  tbo  objection  ibat  the 
ttMaoee  of  the  points  of  pnanire  from  tbo  folerum  and  eztranity  of  each  lover  is  variable  duriay  tlw 
esperimant    (Sss  AryM*a*s  L^eL) 

Mr  Dtaidl  Iws  aTailed  binaelf  of  tbe  same  proper^  of  espanaiooi  ia  esastraetiog  a  pyromster,  «  -n 
9f*^toK  measuring  high  degrees  of  heat.    A  b^r  of  platinum  is  oncloeed  in  a  case  (a,  &,  e,)  made  of 
tin  ttne  ware  as  black  lead  crucibla,  and  ia  Skod  to  it  at  one  end,  while  the  otfiar  is  loft  free  to  moTs 
sn  index  h  by  which  means  degrees  of  heat  atrave  ignition  admit  of  being  aoeavatsly  msasoxod. 

The  ostreaiity  a,  ia  closed,  the  extremity,  e,  open  ;  d,  is  a  ferule  of  braes  into  which  the  end  of 
the  Mack  lead  tube  is  aeeurately  fitted,  and  to  which  tbe  scale  s,  /,  /,  A,  ia  attadiad.  Tbe  bar  of 
ptsUnom  (within  tbo  tube  «,  *,  c,  and  extending  to  *,)  is  10,S  inches  long  and  0,14  of  an  inch  in  di- 
smeler.  It  b  inunoreably  flxf*d  at  a,  by  a  nut  and  ecrew  of  the  same  metal  on  tbe  outaido,  and  a  pin 
er  ihoalder  on  the  inside.  It  is  likewise  confined  to  its  place  at  A,  by  a  imall  peifinaled  plate  of 
plslinam  throof  h  which  it  paaeea.  From  its  end  *  proceed!  a  fine  piithwim  wire  of  about  y^|y 
ef  an  inch  diameter,  and  ooming  out  of  the  tnbo  at  d  poawe  two  or  thveo  tisMS  round  the  axis  of  tbo 
wheel  t,  iixed  on  tbe  back  of  tbe  acale  #,/,  /,  &.  It  is  then  beat  back  and  atUched  to  the  estremity 
ef  a  slight  spriag  ai,  *t  which  b  stretched  on  the  onisido  of  tbe  bram  forule,  and  fixed  by  a  pin  at  a  ; 
dM  wire  b  thus  kept  extended  by  tbe  action  of  tbe  epriog.  The  axb  of  the  wheel  i  b  0,0G8  of  an  inch 
m  diameter,  and  the  wheel  itself  b  toothed,  and  plays  into  the  teeth  of  another  imaDer  wheel  k»  This 
imajler  wheel  is  half  the  diaaaeter  of  the  larger,  and  cairiea  on  ita  oironmfeience  one  third  the  number 
of  teeth.  To  its  axis,  which  pawee  through  the  centre  of  tbe  seals,  ie  atUched  the  index  l  The 
motion  b  multiplied  throe  times  l^  the  wheel  ft.  The  scale  is  divided  into  360^.  It  has  been  found 
fveferahle  ia  practice  to  attach  a  diort  cilkon  thread  to  the  extremity  of  the  platinum  wire,  and  pacs 
tJiatrouadtboaxbofUis  whselaadfixittolbeapring.    SS0  Qaartflriy  JoumaA  xi*  900. 
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when  heated  from  the  freezing  to  the  boiling  point  of  water, 
suficr  an  increase  in  bulk=37,5  parts  at  mean  pressure. 

Ail  bodies,  after  being  heated,  return  again  on  cooling,  pre- 
cisely to  their  former  dimensions. 

The  experiments  of  Gay  Lussac  have  proved  that  steam  and 

all  vap6urs  are  subject  to  laws  of  expansion  similar  to  those  of 

air, — hence  the  table  showing  the  changes  of  bulk  suffered  by 

100000  parts  of  air  at  all  temperatures  between  32^  and  212^ 

will  equally  apply  to  all  gases  and  vapours.     See  Tables* 

S^highcit*         ^^'  '^^®  expansion  of  liquids  is  not  equable  for  equal  addi- 

boiiing  puint  tions  of  heat  at  different  temperatures.     Thus  the  addition  of  5^ 

equaSy "****   of  heat  lo  alcohol  at  40°,  will  produce  a  less  relative  increase  of 

bulk  than  the  same  addition  of  heat  to  alcohol  of  150°  ;  and  in 

general,  the  nearer  a  liquid  approaches  its  boiling  point,   the 

greater  is  its  expansibility.     Those  liquids  therefore  appear 

most  equably  expansible  which  have  the  highest  boiling  points, 

and  hence  one  of  the  great  advantages  of  mercury,   as  will 

presently  be  seen,  in  constructing  thermometers. 

Sr^uorfTby       ^^^-  ^^  ^®*'  increases  the  bulk  of  all  bodies,  it  is  obvious 

a  cimngo  of  thut  changc  of  temperature  is  constantly  producing  changes  in 

pciuiure.  ^j^gjj.  (jengity  Of  specific  gravity,  as  may  be  easily  demonstrated 

in  fluids  where  there  is  freedom  of  motion  among  the  particles. 
If  we  apply  heat  to  the  bottom  of  a  vessel  of  water,  that  portion 
of  the  fluid  which  is  nearest  to  the  source  of  heat,  is  expanded, 
and  becoming  specifically  lighter,  ascends,  and  is  replaced  by 
a  colder  portion  from  above.  This,  in  its  turn,  becomes  heat- 
ed and  dilated,  and  gives  way  to  a  second  colder  portion  ;  and 
thus  the  process  goes  on,  as  long  as  the  fluid  is  capable  of  im- 
bibing heat.  In  air,  similar  currents  are  continually  produced, 
and  the  vibratory  motion  observed  over  chimney  pots,  and 
slated  roofs  which  have  been  heated  by  the  sun,  depends  upon 
this  circumstance  :  the  warm  air  rises,  and  its  refracting  power 
being  less  than  that  of  the  circumambient  colder  air,  the  currents 
are  rendered  visible  by  the  distortion  of  objects  viewed  through 
them.  / 

VoniiiaUon.        iQi.    The  vcntilation  of  rooms  and  buildings,  can  only  be 
perfectly  effected  by  suffering  the  heated  and  foul  air  to  pass  off 
through  apertures  in  the  ceiling,  while  fresh  air,  of  any  desired 
temperature,   is  admitted   from  below.     Various  contrivances 
have  been  resorted  to,  to  prevent  the  passage  of  cold  air  from 
above  downwards  through  the  ventilator,  which  can  only  be 
completely  effected  by  keeping  the  ventilating  tubes  at  a  higher 
temperature  than  the  surrounding  air  ;    heating  them,  for  in- 
stance, by  steam  ;  passing  them  through  a  fire  ;  or  placing  a 
lamp  beneath  them,  of  sufficient  dimensions  to  cause  a  strong 
current  upwards. 
^.^.Tr^'T*"       ^^^*  '^^  ^^®  general  law  of  the  expansion  of  bodies  by  heat 
paWou  by '    and  their  contraction  by  cold,  there  are,  however,  several  ex- 
caioric.         ceptions.     Water  has  attained  its  maximum  of  density  at  40°, 
and  if  it  be  cooled  below  40°  it  expands  as  the  temperature 
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diminishes,  as  it  does  when  heated  above  40^  ;  and  the  rate  of 
this  expansion  is  equal  for  any  number  of  degrees  above  or  be- 
low its  maximum  of  density,  so  that  the  bulk  of  water  at  32^ 
and  at  48^  will  be  the  same.  Accordingly,  if  two  thermometer 
tubes,  one  containing  spirit  of  wine,  and  the  other  water,  be  im- 
mersed into  melting  snow,  the  former  will  sink  till  it  indicates 
32°  ;  but  the  latter  when  it  has  attained  40^  begins  to  expand, 
and  coDtiaues  to  do  so  till  it  freezes.     Or, 

FiJJ  a  flafk,  capKble  of  holding  three  or  four  ounces,  with  wafer  at  (be  Exp. 
temperatore  of  60^  F.  »nd  adapt  a  cork  toil,  through  which  pn^se*  h  %\hw  tube 
oprn  at  both  ends,  about  the  eighth  of  an  inch  wide,  and  ten  inches  long. 
After  having  filled  the  flask,  iti»ert  the  cork  and  tube,  and  pour  a  little  water 
into  the  latter  till  the  liquid  rises  to  the  middle  of  it.  On  iinineri>ing  the  flask 
ins  mixture  of  pouiided  ice  and  salt,  Ihe  water  will  fall  in  the  tube,  marking 
coDiraclvon  ;  hot  in  a  short  time  an  opposite  movement  will  be  perceived,  in* 
dicatmg  that  expansion  is  taking  place,  while  the  water  wilhin  the  fla»k,  ia  at 
the  ^hme  time  yielding  caloric  to  the  freezing  mixture  on  the  ouliside  of  it. 

This  anomaly  in  respect  to  water  is  productive  of  very  im-  ^jj^^'flj^ 
portant  consequences,  in  preserving  the  depths  of  rivers  and  anomaly, 
lakes  of  a  temperature  congenial  to  their  inhabitants. 

103.  There  are  many  liquids  which  suffer  considerable  ex-  pJ[Jj,nJf*^B 
pansion  in  passing  into  the  solid  state.  This  is  the  case  with  frreziDg  thaa 
the  greater  number  of  saline  solutions,  and  remarkably  with  Uau?  from 
Water  ;  it  seems  connected  with  the  phenomena  of  crystalliza-  S^he'^nf 
tion,  and  is  referable  to  a  new  arrangement  of  particles.     That  f^"^ 

the  force  with  which  water  expands  in  the  act  of  freezing  is 
Very  considerable,  is  shown  by  the  rupture  of  leaden  and  iron 
pipes  in  which  it  is  suffered  to  freeze.  Dr  Thomson  has 
shown  that  w^ater  in  freezing  suffers  a  much  greater  expansion 
than  when  heated  from  the  freezing  to  the  boiling  point  ;  for 
the  specific  gravity  of  water  at  60°  beings:  1,  that  of  ice  at  32^ 
is  only  0,'92.  Of  the  metals,  Reaumur  found  that  cast-iron, 
bismuth,  and  antimony,  were  expanded  in  becoming  solid  ;  the 
rest  contracted. 

104.  The  state  of  a  body  with  respbct  to  its  power  of  produc-  Tempsrauire. 
ing  the  effects  which  arise  from  the   operation  of  caloric,  is 
termed  its  temperature.     In  every  body  the  temperature  de- 
pends on  the  quantity  of  caloric  which,  it  contains,   and   the 
temperature  is  said  to  be  high  or  low  as  it  respects  another 

body,  in  proportion  as  it  occasions  an  expansion  or  contraccion 
of  its  parts. 

105.  The  temperature  of  bodies  can  be  but  imperfectly  esti-  imperfectly 

,,.,  ■,.  i»   .  Ill  1  1  known  Irom 

mated  by  the  sensation  of  heat  or  cold  they  produce,  the  sensa-  •eiiution. 
tion  being  modified  by  preceding  impressions  upon  the  sentient 
organ  and  other  external  circumstances.     Hence  the  necessity 
of  some  common  measure  of  temperature,  as  by  means  of  the 
instrument  called  a  Thermometer. 

106.  The  principle   on    which    the   thermometer    indicates  Piinpipieon 
temperature,  is,  that  caloric  has  a  tendency  always  to  preserve  thermumJtf^r 
an  equilibrium;  so  that  if  two  bodies  at  ditierent  temperatures,  jJ^roiurV.'*"'" 
be  brought  into  contact,  it  will  pass  from  the  one  at  tiie  higher 
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into  that  at  the  lower  temperature,  until  the  temperature  of  both 
IS  the  same.  Thus,  if  we  mix  equal  quantities  of  the  same 
fluid  at  different  temperatures,  the  cold  portion  will  expand  as 
much  as  the  hot  portion  contracts,  and  the  resulting  temperature 
is  the  mean ;  so  that  it  appears,  that  as  much  heat  as  is  lost  by 
the  one  portion  is  gained  by  the  other. 

107.  A  common  thermometer  consists  of  a  tube  terminated  at 
one  end  by  a  bulb,  and  closed  at  the  other.*  The  bulb  and  part 
of  the  tube  are  filled  with  a  proper  liquid,  generally  mercury, 
and  a  scale  is  applied,  graduated  into  equal  parts.  Whenever  this 
instrument  is  applied  to  bodies  of  the  same  temperature,  the 
mercury,  bein^  similarly  expanded,  indicates  the  same  degree 
of  heat.  But  when  applied  to  bodies  at  different  temperatures, 
the  mercury  will  he  most  expanded  by  that  which  is  at  the 
highest  temperature.  We  thus  learn  the  difference  in  the  tem- 
perature, but  not  the  quantity  of  caloric  the  bodies  contain. 
The  difference  is  expressed  numerically,  namely,  by  the  degrees 
of  the  thermometer. 

108.  In  dividing  the  scale  of  a  thermometer,  the  two  fixed 
points  usually  resorted  to  are  the  freezing  and  boiling  of  water, 
which  always  takes  place  at  the  same  temperature,  when  under 
the  same  atmospheric  pressure.     The  intermediate  part  of  the 
scale  is  divided  into  any  convenient  number  of  degrees ;  and  it 
is  obvious,  that  all  thermometers  thus  constructed  will  indicate 
the  same  degree  of  heat  when  exposed  to  the  same  temperature. 
In  the  centigrade  thermometer,  this  space  is  divided  into  100^; 
the  freezing  of  water  being  marked  0^,  the  boiling  point  100^. 
In  this  country  we  use  Fahrenheit's  scale,  of  which  the  O^  is 
placed  at  32^  below  the  freezing  of  water,  which,  therefore, 
is  marked  32°,  and  the  boiling  point  212°,  the  intermediate 
space  being  divided  into  180°.     Another  scale  is  Reaun>ur's; 
tlie  freezing  point  is  0°,  the  boiling  point  80°.     These  are  the 
principal  thermometers  used  in  Europe  and  this  country. 

109.  Each  degree  of  Fahrenheit's  scale  is  equal  to  ^ths  of  t 
degree  on  Reaumur's  :  if,  therefore,  the  number  of  degrees  on 
Fahrenheit's  scale  above  or  below  the  freezing  of  i^*ater  be 
multiplied  by  4  and  divided  by  9,  the  quotient  will  be  the 
coyesponding  degree  of  Reaumur. 

Fahrenboit.  Reaumur. 

6B«-^5«»=  36X4=144^0=16*> 
2 1 2*»— Sf^'rs  I  «0  X  4=720-*-9=80« 


*  The  eoiutruelion  of  a  thenBometer,  tbongh  simple  io  theory,  ie  difficult  in  praetica,  «bA  |t  -wouli 
ko  a  Tain  attempt  to  make  one  (Vom  a  written  description.  Tliey  an  now  constructed  and  ciicolated 
in  Mich  quantities  as  to  be  easiJy  obtained.  Those  who  prefer  constmcting  their  own,  ynM  find  the 
process  fully  described  in  Hettrff*a  Chemistiyi  Vol.  1st,  Cre*i  Chemical  IKctionary,  and  in  tlfta  Journal 
of  the  Royal  Institution,  Vol.  7th,  p.  183. 

Ordinary  thermometers  are  frequently  inaccurate,  and  many  that  are  pnflBctently  eonreet  for  com- 
mon purposes,  are  not  so  for  delicate  experiments.  For  the  method  of  eaamiainf  and  convctii^ 
them,  see  Faraday**  Chemieal  Manipulation^  Section  iv. 

Directions  for  constructing  thermometen  of  great  sensibility,  are  given  in  tha  7th  veL  of  the  Juginri 
oT8cionoc,  p,  ld3. 
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To  reduce  the  degrees  of  Reaumur  to  those  of  Fahrenheif,  tbej  are  to  be 
multiplied  bj  9,  and  divided  bj  4* 

Seaumur.  Ffthreohait 

16«X9=144-+-4=  36«4-32o=  68 
800X9=^720-4-4=  1 80*>+32*=21« 

EFery  degree  of  Fahreoheit^s  if  equal  to  fthsofa  degree  on  the  centigrade 
scale ;  the  reduction,  therefore,  is  as  follows : 

Fahrenheit.  Centicrade. 

212— 32=180X5=3900-h9=:100o 

CSentigrade.  Fahrenheit. 

100X9=900-*-5=180+S2=s2 12« 

110.  When  a  thermometer  ra  intended  to  measure  very  low  Advantage  of 
temperatures,  spirit  of  wine  is  employed  in  its  construction,  as  •p>ntof  wine- 
that  flutd  has  never  been  frozen,  whereas  the  low  temperature 

at  which  it  boils  renders  it  unfit  for  measuring  high  tempera* 
tures.     Quicksilver  will  indicate  500^,  but  freezes  at — 40^. 

111.  Air  is  sometimes  resorted  to  as  indicating  very  small  Airthenno- 
changes  of  temperature.     The  instrument  employed  by  Sancto-»  sLetoxU). 
rio,  to  whom  the  invention  of  the  thermometer  is  generally 
ascribed,  was  of  a  very  simple  kind,  and  measured  variations  of 
temperature  by  the  variable  expansion  of  a  confined  portion  of 

air.  To  prepare  this  instrument,  a  glass  tube  (fig.  12)  is  to  ben.]. 
provided,  eighteen  inches  long,  open  at  one  end,  and  blown  intO: 
a  ball  at  the  other.  On  applying  a  warm  hand  to  the  ball,  the 
included  air  expands,  and  a  portion  is  expelled  through  the  open 
end  of  the  tube.  In  this  state,  the  aperture  is  quickly  immersed 
^in  a  cup  filled  with  any  coloured  liquid,  which  ascends  into  the 
tube,  as  the  air  in  the  ball  contracts  by  cooling.  The  instrument 
is  now  prepared.  An  increase  of  temperature  forces  the  liquor, 
down  the  tube ;  and,  on  the  contrary,  the  application  of  cold 
causes  its  ascent.  These  efiects  may  be  exhibited,  by  alternately 
applying  the  hand  to  the  ball,  and  then  blowing  on  it  with  a  paiJT' 
of  bellows  By  the  application  of  a  graduated  scale,  the  amount 
of  the  expansion  may  be  measured. 

The  ball  of  this  instrument,  it  must  be  obvious,  cannot  bftAirthermoin- 
conveniently  applied  to  measure  the  temperature  ot  liquids*  Sqaidl^' 
For  adapting  it  to  this  purpose,  a  slight  variation  may  be  mad& 
in  its  construction,  as  represented  ifig.  27.  To  prepare  this- 
instrument,  a  small  spherical  glass  vessel  is  to  be  about  one  6ih> 
or  one  4th  filled  with  any  coloured  liquid.  The  tube,  open  at 
both  ends,  is  then  to  be  cemented  into  the  neck,  with  its  lower 
aperture  beneath  the  surface. of  the  fluid.  The  expansion  of 
the  included  air  drives  the  liquid  up  the  stem,  to  which  we  may 
affix  a  graduated  scale,  corresponding  with  that  of  a  common 
mercurial  thermometer.  Other  modifications  have  also  been, 
made  by  different  philosophers.  One  of  the  most  useful  andi 
simple  forms  is  represented  fig.  28.  It  consists  merely  of  a: 
tube  of  very  small  bore,  from  9  to  12  inches  long,  at  one  end  o£ 
which  is  blown  a  ball,  from  half  an  inch  to  an  inch  in  diameter^ 
which  is  afterwards  blackened  by  painty  or  by  the  smoke  of  a 
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candle.  A  small  column  of  coloured  liquid ,  about  an  inch  in 
lengthy  is  then  introduced,  by  a  manipulation  similar  to  that 
already  described.  To  fit  the'  instrument  for  use,  this  column 
ought  to  be  stationary,  about  the  middle  of  the  tube,  at  the 
common  temperature  of  the  atmosphere.  The  slightest  varia- 
tion of  temperature  occasions  the  movement  of  the  coloured 
liquid ;  and  a  scale  of  equal  parts  measures  the  amount  of  the 
effect. 
Sjlr^**""  *•  An  insuperable  objection,  however,  to  the  air  thermometer, 
^"  "**'  as  thus  constructed^  is,  that  it  is  affected,  not  only  by  changes 
of  temperature,  but  by  variations  of  atmospheric  pressure.  Its 
utility  consists  in  the  great  amount  of  the  expansion  of  air, 
which,  by  a  given  elevation  of  temperature,  is  increased  in  bulk 
above  twenty  times  more  than  mercury.  Hence  it  is  adapted 
to  detect  minute  changes  of  temperature,  which  the  mercurial 
thermometer  would  scarcely  discover,  and  its  expansions  being 
uniform  for  equal  additions  of  heat,  it  is  better  adapted  than  any 
liquid  for  becoming,  when  properly  applied,  an  accurate  measure 
lOf  temperature. 

112.  An  important  modification  of  the  air  thermometer  was 
invonted  by  Prof.  Sturmius*  and  employed  by  Prof.  Leslie,  in 
his  interesting  researches  respecting  heat.  To  this  instrument, 
he  ha&^  given  the  name  of  the  Differential  Thermometer^  fig. 
13.  It  consists  of  two  large  glass  bulbs  containing  air,  united 
by  a  tube  twice  bent  at  right  angles,  containing  coloured  sul- 
phuric acid.  When  a  hot  body  approaches  one  of  the  bulbs. 
It  drives  the  fluid  towards  the  other.  The  great  advantage  of 
this  instrument  in  delicate  experiments  is,  that  general  changes 
of  the  atmosphere's  temperature  do  not  affect  it,  but  it  only 
indicates  the  difference  of  temperature  between  the  two  ballsw 

1 1 3.  A  difi^^rential  thermometer  has  been  contrived  by  Dr 
Howard  resembling  the  above  in  its  general  form,  fig.  16,  but 
in  which  the  degree  of  heat  is  measured  by  the  expansive  force 
of  the  vapour  of  ether  or  spirit  of  wine  in  vacuo*  Directions  for 
constructing  it  are  given  in  the  8th  vol.  of  the  Quarterly  Journal 
of  Science,  p.  219.  It  is  intended  to  be  applied  to  the  same 
purposes  as  that  of  Prof.  Sturmius,  but  is  more  sensible  to 
changes  of  temperature,  and  the  movement  of  the  fluid  (ether 
tinged  by  a  drop  of  tincture  of  cochineal,)  follows  instantane- 
ously the  application  of  the  beating  cause,  whereas  in  the  air 
thermometer  some  time  is  required  before  the  effect  takes  place. 

H.  1.  94. 

114.  Tlie  relative  quantities  of  heat  which  different  bodies  in 
the  same  state  require  to  raise  them  to  the  same  thermometric 
temperature,  is  cdled  their  epecific  heat,  an^  those  bodies  which 
require  most  heat  are  said  to  have  the  gr^test  capacity  for 
beat.  That  the  quantity  of  heat  in  different  bodies  of  the  same 
temperature  is  different,  was  first  shown  by  Dr  Black,  in  his 
lectures  at  Glasgow  in  1762.  

*  Bn^%-wter*t  Jew*  S.  p.  143. 
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115.  It  has  been  stated  (106)  as  a  proof  of  the  accuracy  of  the 
thermometer,  that  equal  volumes  of  the  same  fluid,  at  difiereat 
temperatures,  give  the  arithmetical  mean,  on  mixture.  Thus, 
the  temperature  of  a  pint  of  hot  and  a  pint  of  cold  water  is,  after 
mixture,  as  near  as  possible  half-way  between  the  extremes. 
The  cold  water  being  of  a  temperature  of  50°,  and  the  hot  of 
100°,  the  mixture  raises  the  thermometer  to  75°.  But  if  n 
pint  of  quicksilver  at  100°  be  mixed  with  water  at  50°,  the 
resulting  temperature  is  not  75°,  but  70°  ;  so  that  the  quickr 
silver  has  lost  30°,  whereas  the  water  has  only  gained  20°* 
Hence,  it  is  said,  that  the  capacity  of  mercury  for  heat  is  less 
than  that  of  water  j  and  if  the  weight  of  two  bodies  be  4iomr 
pared,  which  are  as  13,3  to  I,  their  capacities  will  be  to  each 
4>ther  as  19  to  1.* 

116.  It  is  important  to  know  the  specific  caloric  of  bodies.  spMific  •«- 
The  most  convenient  method  of  discovering  it,  is   by  mixing  J^ni^^. 
different  substances  together,  and  observing  the  relative  quan- 
tities of  caloric  requisite  for  heating  them  by  the  same  number 

of  degrees.  The  caloric  required  to  heat  equal  quantities  of 
water,  spermaceti  oil,  and  mercury  one  degree,  is  in  the  ratip 
of  2S,14  and  1,  and  therefore  their  capacities  for  caloric  aiip 
expressed  by  those  numbers.  Water  is  commonly  one  of  the 
materials  employed  in  such  experiments,  as  it  is  customary  tp 
compare  th^  capacity  of  other  bodies  vvith  that  of  water.t 

117.  The  capacities  of  bodies  for  heat  have  considerable  influ-  Heating  and 
eme  upon  the  rate  at  which  they  are  heated  and  cooled.     Those  fab«Mi^>- 
bodies  which  are  most  slowly  heated  and  cooled  have  generally  p^^.*"^^ 
^e  greatest  capacity  for  heat.     Thus,  if  equal  quantities  qf 
water  and  quicksilver  be  placed  at  equal  distances  from  the  fire, 

the  quicksilver  will  be  more  rapidly  heated  than  the  water,  and 
the  metal  will  cool  most  rapidly  when  carried  to  a  cold  place. 
Upon  this  principle,  Professor  Leslie  ingeniously  determined  ^^^ 
the  specific  heat  of  bodies,  observing  their  relative  times  of 
cooling  a  certain  number  of  degrees^  comparatively  with  watef, 
under  similar  circumstances. 

M.  M.  Petit  and   Dulong  have  published  some  important  ^u  •^^ 
resdrches  on  the  subject  of  specific  heat,  which  render  it  proba-  th^n^^ 
Ue  that  the  atoms  of  alt  simple  substances  have  exactly  the  sune  foric?  ^"^^  ^"'^ 
esijMcities  for  heat. 

*  TIm  fbtf^wlfif  if  afsaend  foranila  for  drtBmniPg  tbe  fpecillc  heat  of  bodlaa,  fimoi  tte  tsapera- 
tvtc  xcsttltiiqi  firom  tha  laixtiue  of  two  hodiat  at  unaqaal  teaipemtutoi,  a^tavar  ba  tkmt  laifaeiiaa 
^oalitaes.  Multiply  tlia  weight  of  the  water  hy  the  differenoe  batwatn  its  oiigiaal  tampecatnre,  and 
tJiaiof  the  mixture:  alao,  tnuIlSply  the  weight  of  the  other  liquid  by  the  diSeronce  between  ill 
ftaofiaratiue  and  that  of  tbe  niztare :  dlTide  the  first  prodoct  by  the  Mcond,  and  the  qootieot  wRl 
gaspten  die  ipecific  heat  of  the  other  aabsunee,  that  of  water  being  cb  1.  Tbua*  M  oonoes  of  walar 
«t  105^,  mixed  with  13  ounce*  of  Bpemiaeeti  oil  at  40^,  produce  a  tempsratura  of  90^.  TbaraAMv, 
■cattiply  90  by  15  (the  difference  between  105  and  00)  =  300.  Aod  multiply  13  by  50  (the  difieranoe 
Ves«««n  40  and  M)  bCOO.  Then  309  *4- SIX) 9  it  which  is  the  speeiflc  heat  of  oil ;  that  is,  watar 
bciogal,oi»3sO> 

t  This  nelhod  waa  snggcatad  by  Dr  Black,  and  afterwards  practised  to  a  great  extent  by  1^ 
^r«Ml4tfd  aadlvrine.    Sea  Cmwioid  aa  Jlnmol  Hfvti  4Pid  irfin«*s  i:«i%#. 
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LEToisier't         11^«  LaYoisier  and  La  Place  endeavoured  to  ascertain  the 
°^^^^^        specific  heat  of  bodies  by  the  relative  quantities  of  ice  which 
they  were  capable  of  thawing,  during  cooling  :  thus,  if  a  pint  of 
water  in  cooling  from  212^  to  32^  melted  a  pound  of  ice,  and 
a  pint  of  oil  in  passing  through  the  same  range  of  temperature 
only  gave  out  heat  enough  to  thaw  half  a  pound  of  ice,  it  was 
concluded  that  the  specific  heat  of  water  beings  1,  that  of  the 
oil  was  =  0,5.     The  instrument  which  they  employed  in  these 
researches,  and  which  is  fully  described  in  Lavoisier's  Elements 
of  Chemistry^  is  not  however,  susceptible  of  accuracy,  for  Mr 
Wedgwood  has  shown  that  it  is  scarcely  possible  to  separate  the 
water  from  the  ice. — Phil   Trane,  Vol.  Ixxiv. 
Dilatation  of      ^  ^  ^'  ^^^  Capacity  of  gases  and  vapours  differs  with  the  nature 
Sice,  cold     ^^  **^®  ^^'  ^      ^*^^  '^*  density.     In  gases,  dilatation  produces 
eoin(»i«Mioii    cold,  and  compression  excites  heat.     A  thermometer  suspended 
^***'  in  the  receiver  of  the  air-pump  sinks  during  exhaustion,  and 

sudden  compression  of  air  produces  heat  sufficient  to  inflame 
titider.  In  liquids,  too,  condensation  diminishes  capacity  for 
heat ;  hence  the  mixture  of  spirit  and  water,  and  of  sulphuric 
acid  and  water  evolves  heat  (53).  The  increased  capacity  which 
air  acquires  by  rarefaction  has  its  influence  in  modifying  natural 
temperatures.  The  air,  becoming  rarer  as  it  ascends,  absorbs 
its  own  heat  and  hence  becomes  cold  in  proportion  as  it  recedes 
from  the  earth's  surface :  thus  moisture,  rain,  or  snow  are 
thrown  down  on  the  mountain -tops. 
lUtdianteaio-  120.  Caloric  cscapcs  from  bodies  in  two  different  modefl#— 
"*^  Part  of  it  finds  its  way  through  space^  independently  of  other 

matter,  and  with  immeasurable  velocity.     In  tiiis  state  it  has 
been  called  radiant  heat,  or  radiant  caloric. 
Reflection  121.  Radiant  caloric  exhibits  several  interesting  properties, 

ofoaioric  j  j^g  reflection.  Those  surfaces,  that  reflect  light  most  per- 
fectly, are  not  equally  adapted  to  the  reflection  of  caloric. 
Thus,  a  glass  mirror,  which  reflects  light  with  great  eflect  when 
held  before  a  blazing  fire,  scarcely  returns  any  heat,  and  the 
mirror  itself  becomes  warm.  On  the  contrary,  a  polished  plate 
of  tin,  or  a  silver  spoon,  when  similarly  placed,  reflects,  to  the 
hand,  a  very  sensible  degree  of  warmth;  and  the  metal  itself 
remains  cool.  Metals,  therefore,  are  much  better  reflectors  of 
caloric  than  glass;  and  they  possess  this  property,  exactly 
according  to  their  degree  of  polish. 

122.  Caloric    is  reflected  according  to  the  same  law  that 
regulates  the  reflection  of  light.     This  is  proved  by  an  interest- 
ing experiment  of  M.  Pictet;    the  means  of  repeating  which 
may  be  attained  at  a  moderate  expense      Provide  two  reflectors 
13.1.  of  planished,  tin,  (a  and  6,  fig.  24,)  which  may  be   12  inches 

,  diameter,  and  segments  of  a  sphere  nine  inches  radius."  Para- 

bolic mirrors  are  still  better  adapted  to  the  purpose,  but  their 
construction  is  less  easy.  Each  of  these  must  be  furnished,  on 
its  convex  side,  with  the  means  of  supporting  it  in  a  perpen- 
dicular position  on  a  proper  stand.    Place  the  mirrors  opposite 
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to  each  other  on  a  table,  at  the  distance  of  from  six  to  twelve 
feet.  Or  they  may  be  placed  in  a  horizontal  position,  as  repre* 
sented  in  the  fourth  plate  to  Sir  H  Davy's  Chemical  Philosophy, 
an  arrangement  in  some  respects  more  convenient.  In  the  focus 
of  one,  let  the  ball  of  an  air  thermometer,  or  (which  is  still  bet- 
ter) one  of  the  balls  of  a  differential  thermometer,  be  situated ; 
and  in  that  of  the  other,  suspend  a  ball  of  iron,  about  four  ounces 
in  weig;ht,  and  heated  below  ignition,  or  a  small  matrass  of  hot 
water ;  having  previously  interposed  a  screen  before  the  ther- 
mometer. Immediately  on  withdrawing  the  screen  the  depres- 
sion of  the  column  of  liquid,  in  the  air  thermometer,  evinces  an 
increase  of  temperature  in  the  instrument.  In  this  ex})eriment, 
the  caloric  flows  first  from  the  healed  ball  to  the  nearest  reflector; 
from  this  it  is  transmitted,  in  parallel  rays,  to  the  surface  of  the 
second  reflector,  by  which  it  is  collected  into  a  focus  on  the 
instrument.  This  is  precisely  the  course  that  is  followed  by 
radiant  light;  for  if  the  flame  of  a  taper  be  substituted  for  the 
iron  ball,  the  image  of  the  candle  will  appear  precisely  on  that 
spot,  (a  sheet  of  paper  being  presented  for  its  reception,)  where 
the  rays  of  caloric  were  before  concentrated.     H.  1    108. 

123.  If  a  plaie  of  glass  be  interposed  between  the  two  mir- 
rors, the  rays  of  heat  will  be  arrested  while  those  of  light 
freely  passing  through  the  glass  will  be  collected  as  usual  in 
the  opposite  focus.  This,  therefore  shows  a  difference  between 
solar  and  terrestrial  heat ;  the  rays  of  the  former  pass  through 
glass  without  heating  it ;  the  rays  of  the  latter  are  stopped  by 
glass,  and  it  becomes  hot  when  opposed  to  them.* 

124.  When  a  glass  vessel,  filled  with  ice  or  snow,  is  substi-  Apimroni 
tuted  for  the  heated  ball,  the  course  of  the  coloured  liqtiid  in  redmiioo 
the  thermometer  will  be  precisely  in  the  opposite  direction  ; 

for  its  ascent  will  show,  that  the  air  in  the  ball  is  cooled  by  this 
arrangement.  This  experiment,  which  appears,  at  first  view, 
to  indicate  the  reflection  of  cold,  presents,  in  fact,  only  the 
reflection  of  heat  in  an  opposite  direction ;  the  ball  of  the  ther- 
mometer being,  in  this  instance,  the  hotter  body. 

125.  Radiation  goes  on  in  all  elastic  media,  and  in  the  Tor-  Radiation  in 
ricellian  and  air-pump  vacuum,  as  may  be  shown  by  igniting  omi  the  Tor- 
charcoal  by  means  of  the  Voltaic  battery,  placed  in  the  focns  of  cuum*"  ^*' 
a  small   mirror  confined  in  the  exhausted  receiver  of  the  air- 
pump.     Sir  H.  Davy  found  that  the  receiver  being  exhausted 

to  T^Ty  the  effect  upon  the  thermometer  in  the  opposite  focus 
was  nearly  three  times  as  great  as  when  the  air  was  in  its  natural 
state  of  condensation,  fig.  19.  a  is  the  receiver,  hh  the  insulatfd  pi.i. 
wires  connected  with  the  voltaic  apparatus  igniting  the  charcoal 
in  the  focus  of  the  upper  mirror  c.  In  the  focus  of  the  lower 
mirror  d  is  the  thermometer  e. 

126.  The  facts  that  have  been  determined  concerning  the  laws  Th«ori«. 
of  radiant  caloric  have  given  rise  to  several  modes  of  accounting 

for  the  tendency  of  bodies  to  acquire  an  equilibrium  of  tempera- 
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Pictet*t.  ture.  This  iaVes  place,  according  to  M«  Pictet,in  consequence 
of  the  hot  body  giving  calorific  rays  to  the  surrounding  colder 
ones  till  an  equilibrium  is  established,  at  which  roonient  the 

PretiMt**.  radiation  ceasos.  M.  Prevost,  on  the  contrary,  contends  that 
radiation  goes  on  at  all  times,  and  from  all  bodies,  whether  their 
temperature  is  the  same  or  difierent  from  those  that  surround 
them.  According  to  this  view,  ihe  temperature  of  a  body  falls 
whenever  it  radiates  more  caloric  than  it  absorbs ;  its  tempera- 
ture is  stationary  when  the  quantities  emitted,  and  received  sse 
equal ;  and  it  becomes  warm  when  the  absorption  exceeds  the 
radiation. 

LcaUe**.  127.  Professor  Leslie*  accounts  for  radiation  upon  the  idea 

of  the  heated  body  producing  undulations  in  the  air,  somewhat 
analoa:ous  to  the  waves  excited  by  sonorous  bodies ;  others  with 
^Ir  Urande  regard  matter  in  motion  as  the  cause  of  the  effect^ 
and  conceive  that  the  phenomena  both  of  solar  and  terrestrial  rad- 
iation are  most  satisfactorily  explained  upon  such  an  hypothesis. 
128.  The  nature  of  the  surface  of  bodies  has  an  important 
influence  over  their  power  of  radiating  caloric. 

fciT'oTidar      ^^^    ^^  ^*^  '°"6  ^^^^  known,  in  regard  to  solar  rays,  that 

nivH  with  re-  their  heating  efiect  depends  much  upon  the  colour  of  the  surfaces 

ikid  ooluuni  upon  which  they  impinge,  and  that  black  and  dark  bodies  are 

more  heated  tlian  those  which  are  white  or  of  light  tiotS|  cir^ 

jcumstances  dependent  upon  absorption  and  reflection. 

To  exhibit  this  influence  experimeulally,  let  a  canister  of 
planished  block  tin,'  forming  a  cube  of  six  or  eight  inches*  be 
provided,  having  an  orifice  at  the  middle  of  its  upper  side,  from 
half  an  inch  to  an  inch  diameter,  and  the  same  in  height.  This 
orifice  is  intended  to  receive  a  cap  having  a  small  hole,  through 
which  a  thermometer  is  inserted,  so  that  its  bulb  may^reach  the 
^  centre  of  the  canis^r^     Let  one  side  of  the  canister  be  covered 

with  black  paint  ;  destroy  the  polish  of  another  side,  by  scratch- 
ing it  with  sand-paper  ;  tarnish  a  third  with  quicksilver  ;  and 
leave  the  fourth  bright.  Then  fill  the  vessel  with  boiling  water. 
The  radiation  of  caloric  from  the  blackened  side  is  so  much 
PI  ^.  more  abundant  than  from  the  others,  as  to  be  even  sensible  to 

the  hand.     Place  it  before  a  reflector  (fig.  24)  in  lieu  of  the 
heated  iron  ball  already  described.     The  thermometer,  in  the 
focus  of  the  second  reflector,  will  indicate  the  highest  tempera- 
ture, or  most  copious  radiation  of  caloric,  when  the  blackened 
side  is  presented  to  the  reflector  ;  less,  when  the  tarnished  or 
scratched  side  is  turned  towards  it ;  and  least  of  all  from  the 
polished  side.     H. 
Radiation  of       ^  ^^*  ^"  thcsc  experiments  nearly  the  whole  of  the  heat  is 
caloric  ill  di-  reflected,  and  the  mirror  4tself  does  not  become  warm  :  but  if  it 
tToVi  h)TBde.  be  coated  with  any  unpolished,  and  especially  unmetallic  coat- 
forjitiou.'*^     ing,  as  with  paper,  or  paint,  the  reflection  is  ihen  scarcely  per- 
ceptible, and  the  mirror  becomes  hot  from  the  absorption  of  the 
rodianl  caloric. 


*  Ben  IfOs!  c  \  Ezpermental  Inquiry  into  tks  natmn  and  propagation  of  heat* 
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In  Professor  Leslie's  experiments  it  was  found,  that  a  clean 
metallic  surface  produced  an  eflfect  =12  upon  the  thermometer. 
When  covered  with  a  thin  coat  of  glue,  its  radiating  power 
was  so  far  increased  as  to  produce  an  effect  =  80  ;  and  on 
covering  it  with  lamp-hlack|  it  became  =s  100. 

In  these  cases  of  radiation,  the  colour  of  the  surface  does  not  Radiation  in- 
interfere,  and  the  different  effects  must  be  referred  to  the  me-  ^^^S^iL 
chanical  structure  of  the  radiating  surface.     White  paper  and  ^<'»'- 
lamp-black  produce  nearly  the  same  effects  ;  and  paper,  coloured 
blue,  red,  yellow,  and  green,  does  not  differ  in  radiating  power 
from  that  which  is  white,  provided  the  colour  produces  no 
change  of  texture  in  the  paper. 

131.  The  connexion  of  the  receptive  with  the  radiating  power 
is  made  obvious  by  coating  the  bulbs  of  thermometers  with 
different  substances.  Thus  the  effect  of  radiant  heat  upon  a 
thermometer  bulb  covered  with  a  thin  coating  of  lamp-black 
being  s=  100  ;  when  the  bulb  is  covered  with  silver-leaf  the 
effect  is  only  =:  12.* 

138.  The  varieties  in  the  radiating  power  of  different  surfaces,  lUtoof  eooi- 
are  attended,  as  might  be  expected,  with  corresponding  varia-  b7'SSfo!^ 
tions  in  the  rate  of  cooling.     If  water  in  a  tin  vessel,  all  of  of  mrfMe. 
whose  sides  are  polished,  cools  through  a  given  number  of  de- 
grees in  eighty-one  minutes,  it  will  descend  through  the  same 
number  in  seventy-two  minutes,  if  the  surface  be  tarnished  with 
quicksilver.     Water,  also,  enclosed  in  a  clean  and  polished  tin 
ball,  oools  about  twice  more  slowly  than  water  in  the  same  ball 
covered  with  oiled  paper.    Blackening  the  surface  with  painty 
or  even  a  thin  coat  of  varnish,  on  the  same  principle,  (128)  ac- 
celerates greatly  the  rate  of  cooling.     H.  1.  104. 

It  is  obvious,  from  these  facts,  that  all  vessels  intended  to    v^mOt  m^ 
retain  heat,  should  be  clean,  and  metallic,  for  polished  metallic  ^St^^^ 
sur&ces  have  very  low  radiating  powers  ;  whereas  those  vessels  •twnu  im 
which  are  either  to  receive,  or  to  radiate,  should  be  blackened  mataUio^ 
upon  their  surfaces.    The  knowledge  of  these  properties  is 
economically  applicable  in  a  variety  of  cases. 

13d.   Radiant  caloric  is  absorbed  with  different  facility  by    AbMr|Nioii 
different  surfaces.    This  is  only  stating,  in  other  terms,  that  iH^T^ 
sorfaces  are  endowed  with  various  powers  of  reflecting  caloric,  ""f*^ 
since  the  power  of  absorbing  caloric  is  precisely  opposite  to 
that  of  reflecting  it.     Hence  the  best  reflectors  of  heat  will 
absorb  the  least.     It  may  be  proper,  however,  to  offer  some 
illustrations  of  the  principle  under  this  form. 

Expose  the  bulb  of  a  sensible  thermometer  to  the  direct  rays  ^* 
of  the  sun.  On  a  hot  summer's  day  it  will  probably  rise,  in 
this  climate,  (Eng.)  to  108''.t  Cover  it  with  India  ink,  and 
again  expose  it  in  a  similar  manner.  During  the  evaporation 
of  the  moisture,  it  will  fall  ;  but  as  soon  as  the  coating  becomes 
dry,  it  will  ascend  to  118^,  or  upwards,  of  Fahrenheit,  or  10° 


*  X.  M.  Daloof  and  Petit,  io  their  valoeUe  JMiMietr  em  liket,  which  fsined  the  priie^edal  of 
Acadooij  ofSeieocet  Ibc  ISIS,  ha?e  deCMled  «  Tviety  of  Important  fhctn  upon  the  rol^ect  of  the 
oTawiaew.  t  WaUon'a  £m^«,  t.  19?. 


40  &ai — cenduciion  of. 


CMAF.  r. 


higher  than  when  uncovered  with  the  pigment.  This  cannot 
be  explained  by  supposing  that  the  black  coating  is  gifted  with 
the  power  of  retaining  caloric,  and  preventing  its  escape  ;  Jbe^ 
canse,  from  experiments  already  related,  it  appears,  that  a 
similar  coating  accelerates  the  cooling  of  a  body  to  which  it  is 
applied. 

1 34.  Colour  has  considerable  influence  over  the  absorption  of 
caloric.  This  is  shown  by  the  following  very  simple  experi* 
ment  of  Dr  Franklin. 

On  a  winter^t  day,  when  the  gronnd  it  covered  with  unow,  take  four  pieosi 

Abcorption  of  woollen  cloth,  of  equal  dimentiona,  but  of  different  coloart,  vi9.  black,  bloe, 

fluo^^^b*'^  brown,  and  white,  and  lay  them  on  the  furface  of  the  i»now,  in  the  immediate 

eoioar.     ^     neichbourhood  of  each  other.     In  a  few  hours,  the  black  cloth  will  have  sunk 

confliderdbly  below  the  surrtfce  ;  the  bine  almost  as  much  ;  the  brown  eridentlj 

-.  lese;  and  the  white  will  remain  precisely  in  its  former  situation. 

Thus  it  appears  that  the  sun's  rays  are  absorbed  by  the  dark 
coloured  cloth,  and  excite  such  a  durable  heat,  as  to  melt  the 
snow  underneath  ;  but  they  have  not  the  power  of  penetrating 
the  white.     Hence  the  preference,  generally  given  to  dark  co- 
loured clothes  during  the  winter  season,  and  to  light  coloured 
ones  in  summer,  appears  to  be  founded  on  reason.     H.'  105. 
Conducting         135.  When  different  bodies  are  exposed  to  the  same  source 
STm "fOTcaio-  of  heat,  they  suffe^  it  to  pass  through  them  with  very  difierent 
^'  degrees  of  velocity  or  they  have  various  conducting  powers  ia 

regard  to  heat.     Among  solid  bodies,  metals  are  the  best  con- 
ductors ;  and  silver,  gold,  tin  and  copper,  are  better  conductors 
than  platinum,  iron,  and  lead.     Next  to  the  metals,  we  may, 
perhaps,  place  the  diamond,  and  topaz  ;  then  glass  ;  then  sili- 
ceous and  hard  stony  bodies  in  general  ;  then  soft  and  porous 
earthy  bodies,  and  wood  ;   and  lastly,   down,  feathers,  wool^ 
and  other  porous  articles  of  clothing. 
Moihodofde.      136.  To  comparc  the  relative  conducting  powers  of  metals, 
termininf  this  ^^^  some  Other  solids,  small  cones  of  the  difierent  substances 
may  be  used  about  three  inches  high,  and  half  an  inch  in  diam- 
Kxp;  eter  at  their  bases  :  these  may  be  tipped  at  the  apex  with  a 

small  piece  of  wax,  and  being  placed  on  a  heated  metallic  plate, 
will  indicate  the  conducting  powers  by  the  relative  times  re- 
quired to  fuse  the  wax,  which  will  be  inversely,  as  the  power 
of  conducting  heat.* 

The  difference  between  the  conducting  power  of  the  diamond 
and  rock  crystal  or  glass,  is  shown  by  applying  the  tongue  to 
those  substances,  when  the  former  feels  colder  than  the  latter.t 

*  Tbi*  axjierinieiit  maj  be  varied  by  attaduDK  naall  pieces  of  pfaoephoius  to  tbe  cones. 

t  From  >bo  ezperimeots  of  ProfesMr  Mayer,  of  firlangoo.  (jinntin  de  Ckmie^  torn,  xxx)  it  woald 
appear  tiiat  tbe  conduciiiif  powers  of  different  woodi  axe  in  some  measure  inversely  as  their  spociAe 
graTiiiss,  as  ibown  by  the  foUowinf  table,  water  bciof  assumed  as  =s  1. 


Table  of  eoD- 


Cendvetiaf  SpecUe 

Power.  Gravitj. 

Water     -    -    -    -    10      -  l,0UO 

j.l'^!!['"  """■  Ebony  Wood      -    -81,7    -  1,054 

ducuofpow-  Apple  tree    -    -    -    27  4    -  oioP 

e»  of  woods.  j^lg go'g   .  o,f01 

Beech      .    -    .    .    3:2,1    -  0,003 

Hornbeam      -    -    -  32,3   -  O,0yu 

Plum  tree     -    -    .    33,5    -  0,687 

Elm 3%5    -  0,616 


Cendoctiaf  Sptcilt 

Power.  Onritr. 

Oak 33,6   -  0,668 

Pear  tree      -    -   -    33,3    -  0,C03 

Biroh 34,1    •  0,608 

BiJvorfir       -    .    -    37,5    -  0.4A5 

Alder    .    -    .    .    .  38,4    -  0484 

Scotch  fir     -    -    -    38,6    -  0,406 

Norway  Spruce     -    38,9    -  0,447 

Lime 30,U   -  0,406 


r 
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Count  Romford's  experiments  on  the  conducting  power  of  ^*;jjy^"« 
several  substances  used  as  clothing,  offer  some  interesting  results.*  ciotbiog  rab- 
He  found  that  a  thermometer  enclosed  in  a  tube  and  bulb  ©f  ■'"'^ 
the  same  shape,  but  large  enough  to  allow  of  an  inch  vacant 
space  between  the  two,  being  previously  heated,  required  576 
seconds  to  cool  135°.     When  16  grains  of  lint  were  diffused 
through  the  confined  air,  it  took  1032  seconds  to  undergo  the 
same  change  of  temperature  ;  and  1305  seconds,  with  the  same 
weight  of  Eider-down.     The  compression  of  flocculent  sub- 
stances to  a  certain  extent,  renders  them  still  inferior  conduc- 
tors :  thus,  when  the  space  which  in  the  above  experiments 
confained  16  grains  of  Eider-down  was  filled  with  32,  and  then 
with  64  grains,  the  times  required  for  the  escape  of  60  degrees 
of  heat  were  successively  increased  from  1305''   to  1472'' 
and  1615". 

On  the  other  hand  to  show  the  effect  of  mere  iexture,  simi-  Eflectof 
Jar  comparative  trials  were  made  of  the  conducting  powers  of  ^*°''* 
equal  weights  of  raw  silk,  of  ravellings  of  white  taffeta,  and  of 
common  sewing  silk,  of  which  the  first  has  the  finest  fibre,  the 
second  less  fine,  and  the  third  from  being  twisted  and  harder 
is  much  coarser.  The  difference  between  these  three  modifi- 
cations of  the  same  substance  is  very  striking,  the  raw  silk  de- 
taining the  heat  for  1824' ',  the  taffeta  ravellings  1469' ',  and 
the  siik  thread  only  ^47'  '.t 

137.  The  different  conducting  powers  of  bodies  in  respect  to  PnusticoJip 
beat,  are  shown  in  the  application  of  wooden  handles  to  metallic 
vessels  ;  or  a  stratum  of  ivory  or  wood  is  interposed  between 

the  hot  vessel  and  the  metal  handle.  The  transfer  of  heat  is 
thus  prevented.  Heat  is  confined  by  bad  conductors  ;  hence 
clothing  for  cold  climates  consists  of  woollen  materials  ;  hence^ 
too,  the  walls  of  furnaces  are  composed  of  clay  and  sand. — 
Confined  air  is  a  very  bad  conductor  of  heat  ;  hence  the  advan- 
tage of  double  doors  to  furnaces,  to  prevent  the  escape  of  heat ; 
and  of  a  double  wall,  with  an  interposed  stratum  of  air,  to  an 
icehouse^  which  prevents  the  influx  of  heat  from  without. 

138.  From  the  different  conducting  powers  of  bodies  in  BraMtioMof 
respect  to  heat,  arise  the  sensations  of  heat  and  cold  experienced 

upon  their  application  to  our  organs,  though  their  thermome- 
tric  temperature  is  similar.  Good  conductors  occasion,  when 
touched,  a  greater  sensation  of  heat  and  cold  than  bad  ones. 
Metal  feels  cold  because  it  readily  carries  off  the  heat  of  the 
body  ;  and  we  cannot  touch  a  piece  of  metal  immersed  in  air  of 
a  temperature  moderate  to  our  sense. 

1 39.  Liquids  and  gases  are  very  imperfect  conductors  of  heat,  ^v^^^*  ^^ 

and  heat  is  generally  distributed  through  them  by  a  change  of  SeToon^M^ 

specific  gravity  ;  by  an  actual  change  in  the  situation  of  their  ^"' 

particles.     (100.) 

Take  A  glass  tube,  ten  or  twenty  inches  lonfTt  Bod  four  or  six  in  diameter. 
Poor  into  the  bottom  part,  for  about  the  depth  of  fire  inches,  water  tinged 

*  Pka,  Trmu.  17W.  •  AikiB's  JHa-  An.  CUsnc 
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with  1i(mu0,  or  cabbage,  and  fil]  up  the  tube  with  common  water,  ponring  on 
the  latter  extremely  gently,  so  as  to  keep  the  two  strata  quite  distinct.  If  (he 
upper  part  of  the  tube  be  first  heated,  the  coloured  liquor  will  remain  at  bot- 
tom ;  bat  if  the  tube  be  afterwards  heated  at  bottom,  the  infusion  will  ascend, 
and  will  tinge  the  whole  mass  of  fluid, 

A  convenient  method  of  exhibiting  this  has  been  con- 
trived by  Dr  Hare.  A  glass  jar,  about  30  inches  in  height 
IS  fopplied  with  as  much  colourless  wafer  as  will  ri<e  in  it 
within  a  few  inches  of  the  brim.  By  means  of  a  tube  des- 
cending to  the  bottom,  a  small  quantity  of  blue  colouring 
matter  is  introduced  btlow  the  colourless  water,  so  u  to 
form  a  stratum,  as  represented  at  A  in  the  annexed  cut. 
A  stratum  differently  coloured,  is  formed  in  the  upper  part 
of  the  vessel,  as  at  B.  A  tin  cap,  supporting  a  hollow  tin 
cylinder,  closed  at  bottom,  and  about  an  inch  less  in  diaoo- 
eter  than  the  jar,  is  next  placed  as  it  is  seen  in  the  figure, 
so  that  the  cylinder  may  be  concentric  with  the  jar,  and 
descend  about  3  or  4  inches  into  the  water.  If  an  iron 
heater  H  while  red  hot,  be  placed  within  the  tin  cylinder, 
the  coloured  water  about  it  will  soon  boil  ;  but  the  beat 
penetrates  only  a  very  small  distance  below  the  tin  cylinder, 
so  that  the  colourless  water,  and  the  coloured  stratum,  at 
the  bottom  of  the  vessel,  remain  undisturbed,  and  do  not 
mingle.    But  if  an  iron  ring  be  placed  while  red  hot,  upon 

the  iron  stand  which  surrounds  the  jar  at  3,  S,  the  liquid 
9   soon  rises,  in  beautiful  clouds,  until  it  encounters  the 

warmer  and  lighter  particles  which  had  been  iu  contact 
with  the  tin  cylinder.* 

Fill  a  jar  with  hot  water  ;  and  place  a  cake  of  ice  on  the  surface  of  the 
water.  The  ice  will  soon  be  melted.  This  experiment  is  the  more  striking,  if 
the  water,  used  for  forming  the  cake  of  ice,  be  previously  coloured  with  litmus  ; 
for,  the  descending  currents  of  cold  water  are  thus  made  apparent. 

Substituting  water  of  the  temperature  of  11^  for  the, boiling  water  used  in 
this  experiment.  Count  Rumford  found,  that,  in  a  given  time,  a  much  greater 
quantity  of  ice  was  melted  by  the  cooler  water.  This  appears,  on  first  view, 
rather  paradoxical.  The  fact,  howerer,  is  explained  by  the  remarkable  pro- 
perty of  water,  vi»,  (hat,  when  cooled  below  40^,  it  ceases  to  oontract,  and 
experiences  on  the  contrary,  an  enlargement  of  bulk.  Water,  therefore,  at  40^, 
(at  the  bottom  of  which  is  a  mass  of  ice  at  32",)  is  cooled  by  contact  with  the 
ice,  and  is  expanded  at  the  same  moment.  It  therefore  ascends,  and  is  re- 
placed by  a  heavier  and  warmer  portion  from  above. 

140.  It  is  a  consequence  of  the  same  property »  that  the  sur- 
face of  a  deep  lake  is  sometimes  covered  with  ice,  even  when 
the  water  below  is  only  cooled  to  40^  ;  for  the  superficial  wa- 
ter is  specifically  lighter  than  the  warmer  water  beneath  it,  and 
retains  its  place,  till  it  is  changed  into  ice.  This  property  of 
water  is  one  of  the  most  remarkable  exceptions  to  the  law  of 
expansion.  (103.) 

141.  From  the  fact  that  heat  applied  to  the  upper  surface  of 
water,  will  with  difficulty  make  its  way  downwards,  (139), 
Count  Rumford  was  induced  to  deny  that  water  could  conduct 
at  all. 

Let  an  air  thermometer  be  cemented  into  a  glass  funnel  supported  as  repre- 
sented in  fig.  14  ;  cover  the  bulb  of  the  instrument  with  water,  and  upon  tbe 
surface  of  the  water  pour  a  small  quantity  of  e'her.  The  ether  may  be  inda- 
med  and  the  air  thermometer  will  not  be  sensibly  affected. 


*  From  Dr.  Hars*s  Engracingt  emd  dt^eriplun  of  CMtmual  AffttnUMg^  Ibc.  Part  Ut,  page  41. 
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Count  Ramford  inferred  that  fluids  propagate  caloric  onlj 
in  one  direction,  viz.  upwards  in  consequence  of  the  motions 
which  it  occasions  among  the  particles  of  fluid,  and  that  if 
these  motions  could  be  suspended,  caloric  would  cease  to  pass 
through  water.  With  the  view  of  deciding  this  question,  he 
made  the  following  experiments. 

ProTide  a  cylindrical  tin  ▼esse!,  two  inches  in  diameter,  and  2}  incbea  deep,  bp. 
baVing  a  moveable  cover,  perforated  with  a  small  aperture,  for  transmitting  the 
stem  of  a  thermometer,  which  is  to  be  inserted,  so  that  its  bulb  may  occupy 
the  centre  of  the  vesael. 

Fill  this  vessel  with  water  of  the  temperature  of  the  atmosphere  ;  let  the 
cover  be  put  in  its  place  ;  and  let  the  whole  apparatus,  except  the  scale  of  the 
thermometer,  be  immersed  in  water,  which  is  to  be  kept  boiling  aver  a  lamp. 
Observe  bow  long  a  time  is  required  to  raise  the  water  from  its  temperature 
at  the  oataet  to  180^,  and  remove  it  from  Ks  situation.  Note,  also,  how  long 
it  takes  to  return  to  its  former  temperature. 

Repeat  the  experiment,  having  previously  dissolved  in  the  water  300  grains  Bzp ; 
of  common  starch.  •  The  thermometer  will  now  require  about  half  as  long  again 
to  arrife  at  the  same  temperature.  A  similar  retardation,  and  to  a  greater 
amount,  is  produced  by  the  mixture  of  eider-down,  cotton-wool,  and  various ' 
other  substances,  which  are  not  chemically  soluble  in  water,  and  which  can 
diminish  its  conducting  power  in  no  other  way  than  by  obstructing  the 
motion  of  its  particletk* 

142.  The,  inference  that  water  is  a  complete  non-conductor  of  f^^ljjl!?' 
caloric  has  been  contradicted  by  the  subsequent  inquires  of  Dr  ton. 
Hope,  Dr  Thompson,  and  the  late  Dr  Murray.     Though  they 

all  admit  that  water  and  liquids  in  general,  mercury  excepted, 
possess  the  power  of  conducting  caloric  in  a  very  slight  degree. 
The  following  experiment  made  by  Dr  Murray  has  been  deem- 
ed conclusive.! 

If  we  carefully  pour  hot  oil  upon  water  in  a  tall  glass  jar,  with  delicate  ther*  Exp. 
mometers  placed  at  difierent  distances  under  the  surface,  it  will  be  found  that 
those  near  the  heated  surface  indicate  increase  of  temperature. 

It  might  here  be  said  that  the  heat  was  conducted  by  the 
sides  of  the  jar,  and  so  communicated  to  the  water  ;  to  obviate 
such  objection  Dr  Murray  made  the  experiment  in  a  vessel  of 
ice,  which  beiiig  converted  into  water  at  32^,  cannot  convey 
any  degree  of  heat  above  32^  downwards  ;  yet  the  thermome- 
ters were  afiected,  as  in  the  former  trial.it 

143.  Experiments  on  the  conducting  power  of  air  are  com-  Air, 
plex  and  difficult,  and  the  results  hitherto  obtained  are  unsatis- 
factory. 

144.  Heat  has  great  influence  on  the  forms  or  states  of  Fonm  and 
bodies.  When  we  heat  a  solid  it  becomes  fluid  or  gaseous,  and  SSlTi^uS^ 
liquids  are  converted  into  aeriform  bodies  or  vapours.  Dr  *^  ^^  ®^'" 
Black  investigated  this  eflect  of  heat  with  singular  felicity,  and 

his  researches  rank  among  the  most  admirable  efibrts  of  experi- 
mental philo8ophy.§     During  the  liquefaction  of  bodies,  a  quan-  Liqorf,ction. 
tity  of  heat  is  absorbed,  which  is  essential  to  the  state  of  fluidity, 

*  Ramford*t  Esaayt.  t  Sffttem  of  CkemiMtry,  vol.  I.  p.  319. 

X  Bevmnl  ingenious  ezporiments  have  been  lately  made  by  Mr  Mather,  (.4ni«r.  Jew.  vol*  siii. 
p.  36S,)  which  render  it  probable  that  thii  cflbct  may  be  partly  owing  to  raditUion* 
^  BUuVt  Lecivrety  edited  by  Jobo  Robison,  LL.  D. 
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and  which  does  not  increase  the  sensible  or  thermometric  tem- 
perature. Consequently,  if  a  cold  solid  body,  and  the  same 
body  hot  and  in  a  liquid  state,  be  mixed  in  known  proportions, 
the  temperature  after  mixture  will  not  be  the  proportional  mean, 
as  would  be  the  case  if  both  were  liquid,  but  will  fall  short  of 
it ;  much  of  the  heat  of  the  hotter  body  being  consumed  in  ren- 
dering the  colder  solid,  liquid^  before  it  produces  any  effect 
upon  its  sensible  temperature. 

145.  Equal  parts  of  umter  at  32%  and  water  at  212^  will 
produce  on  mixture  a  mean  temperature  of  122°.  But  equal 
parts  of  ice  at  32%  and  water  at  212°,  will  only  produce  (after 
the  liquefaction  of  the  ice)  a  temperature  of  52°,  the  greater 
portion  of  the  heat  of  the  water  being  employed  in  thawing  the 
ice,  before  it  can  produce  any  rise  of  temperature  in  the  mix- 
ture.    To  heat  thus  insensible  or  combined^  Dr  Black  applied 

Latent  oaio-   the  term   latent  heat.     The  actual  loss  of  the  thermometric 
"*'  heat  in  these  cases  was  thus  estimated  ;  a  pound  of  ice  at  32° 

was  put  into  a  pound  of  water  at  172°  ;  the  ice  melted,  and  the 
temperature  of  the  mixture  was  32°.  Here  the  water  was 
cooled  140°,  while  the  temperature  of  the  ice  was  unaltered  ; 
that  is,  140°  of  heat  disappeared,  their  effect  being  not  to 
increase  temperature,  but  to  produce  fluidity. 

146.  In  all  cases  of  liquefaction  caloric  is  absorbed,  and  we 
Coidprodtt-  produce  artificial  cold,  often  of  great  intensity,  by  the  rapid 
MhitioaT^    solution  of  certain  saline  bodies  in  water.     Upon  this  principle 

the  action  of  freezing  mixtures  depends,  some  of  which  may 
frequently  be  conveniently  and  economically  applied  to  the 
purpose  of  cooling  wine  or  water  in  hot  climates,  or  where  ice 
cannot  be  procured. 

Dilute  a  portion  of  nitric  acid  with  an  equal  weight  of  water  ;  and,  when 

E».  the  mixture  has  cooled,  add  to  it  a  quantity  of  light  fresh.fallen  tnow.    On 

imaiersini^  the  therinofneter  in  the  mixture,  a  very  oonsiderahle  reduction  of 

temperature  will  be  obierved.     This  is  owing  to  the  absorption,  and  intimate 

fixation  of  the  free  caloric  of  the  mixture  by  the  liquefying  snow. 

Mix  quickly  together  equal  weights  of  fre8h.fallen  snow  at  32^,  and  of  com- 
Exp.  mon  salt,  cooled,  by  exposure  to  a  freesiog  atmosphere,  down  to  32^.    The 

two  solid  bodies,  on  admixture,  will  rapidly  liquefy  ;  and  the  thermometer 
will  sink  32^,  or  0  ;  or,  according  to  Sir  C.  Bla^den,  to  4^  lower.^ 

To  understand  this  experiment,  it  must  be  recollected,  that 
the  snow  and  salt,  though  at  the  freezing  temperature  of  water, 
have  each  a  considerable  portion  of  uncombined  caloric.  Now 
salt  has  a  strong  affinity  for  water  ;  but  the  union  cannot  take 
place  while  the  water  continues  solid.  In  order,  therefore,  to 
act  on  the  salt,  the  snow  absorbs  all  the  free  caloric  required 
for  its  liquefaction  ;  and  during  this  change,  the  free  caloric, 
both  of  the  snow  and  the  salt,  amounting  to  32°,  becomes  latent, 
and  is  concealed  in  the  solution.  This  solution  remains  in  a 
liquid  state  at  0,  or  4°  below  0  of  Fahrenheit ;  but  if  a  greater 
degree  of  cold  be  applied  to  it,  the  salt  separates  in  a  concrete 
form. 

•  PkihMitpikal  TrmtoeHof*,  lizviii.  961. 
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Most  neutral  salts,  also,  during  solution  in  water,  absorb 
much  calorie  ;  and  the  cold,  thus  generated,  is  so  intense  as  to 
Sreeze  water,  and  even  to  congeal  mercury.  The  former  ex- 
periment, however,  (viz.  the  congelation  of  water,)  may  easily 
be  repeated  on  a  summer's  day. 

Add  to  3:2  drachms  of  water,  11  dracbmt  of  moriate  of  ammonia,  10  of  nitrate  Exp. 
of  potafh,  and  IS  of  sulphate  of  soda,  aU  finely  powdered.  The  salts  may  be 
diMoUed  separately,  in  tiie  order  set  down.  A  thermometer^  put  into  the  so* 
lution,  will  show,  that  the  cold  produced  is  at,  or  below,  freezing  ;  and  a  little 
water,  in  a  thin  glass  tube,  being  immersed  in  the  solution,  will  be  fros«i|  in  a 
few  minutes.     U.  1.  1 13«f 

147.  Crystallized  muriate  of  lime,  when  mixed  with  snow,  Matiiodof 

,  ^  .  ,  /.        1  1        mi  •  freezing  mer* 

produces  a  most  intense  degree  of  cold.  This  property  was  cury. 
discovered  some  years  ago  by  M.  Lovitz,  of  St.  Petersburg, 
and  has  been  since  applied  to  the  congelation  of  mercury 
on  a  very  'extensive  scale.  The  proportions,  which  answer 
best,  are  about  equal  weights  of  the  salt  finely  powdered, 
and  of  fresh-falJen  and  light  snow.  On  mixing  these  together, 
and  immersing  a  thermometer  in  the  mixture,  the  mercury 
sinks  with  great  rapidity.  For  measuring  exactly  the  cold  pro- 
duced, a  spirit  thermometer,  graduated  to  50^  below  0  of 
Fahrenheit,  or  still  lower  should  be  employed.  A  few  pounds 
of  the  salt  are  sufficient  to  congeal  a  large  mass  of  mercury. 
By  means  of  13  pounds  of  the  muriate,  and  an  equal  weight  of 
snow,  Messrs  Pepys  and  Allen  froze  56  pounds  of  quicksilver 
into  a  solid  mass.  The  mixture  of  the  whole  quantity  of  salt 
and  snow,  however,  was  not  made  at  once,  but  part  was  ex- 
pended in  cooling  the  materials  themselves. 

On  a  small  scale,  it  may  be  sufficient  to  employ  two  or  three 
pounds  of  the  salt.  Let  a  few  ounces  of  mercury,  in  a  very 
thin  glass  retort,  be  immersed,  first  in  a  mixture  of  one  pound 
of  each  ;  and,  when  this  has  ceased  to  act,  let  another  similar 
mixture  be  prepared.  The  second  will  never  fail  to  congeal 
the  quicksilver.t 

148.  When  fluids  are  converted  into  solids,  their  latent  heat  ]ii^^]^ 
becomes  sensible.     Water  if  kept  perfectly  free  from  agitation  «^^ 
may  be  cooled  down  several  degrees  below  32^  ;  but,  ou  shak- 


*  Tbo  ramlti  of  some  of  Hr  Walker's  experiiMou  on  Uiii  •object,  us  given  in  the  table  of  fieei- 
ing  mixtajea  in  the  Ajipendix. 

f  In  fig.  33,  a  rwj  aimplo  and  cheap  apperatna  u  reproaented,  which  maj  be  employed  to  freese  pi  a 
aenmy.  The  outer  reaeel  of  wood  may  bo  twelve  and  a  half  inehee  iqaarei  and  aeven  incfaee  deep. 
It  dboold  have  a  wooden  cover,  rabbeted  in,  and  Inmiahed  with  a  handle.  Within  tfait  i«  placed 
•  tin  rmm\  k  ^,  alandinf  on  feet  whieh  are  one  and  a  half  incbee  high,  and  having «  projection  at 
Um  top,  half  an  inch  broad  and  an  inch  deep,  on  whieh  raets  aibaJlow  tin  pan  e  c.  Within  the  lecond 
ia  a  third  d»  made  ofoniinned  iron,  and  rapported  by  feet  two  inchea  high.  Thia  vcsiel  ii  foot 
aqoare,  and  ie  intended  locootain  the  mereury.  When  tte  apperatua  ia  vaed,  a  mixtnre  of 
of  liflM  and  enow  ia  pat  into  the  enter  veiael  c  «,  ao  aa  completely  to  rarrouod  the  middle 
k  I.  Into  the  latter,  the  veasei  d,  containing  the  qoickailver  to  bo  frozen,  prrvioiwly  cooled 
4own  by  a  fieexing  miztnre,  ia  put ;  and  thia  ia  immediately  aorrnnnded  by  a  mi:itiuv  of  tnow  and 
■nriafte  of  Kme,  previonaly  cooled  to  V*  Fahrenheit,  by  an  artificial  mixture  of  aiiqw  and  romnma 
flak.  The  pan  e  c  ia  alio  filled  with  theee  materiali,  and  tlie  wooden  cover  ii  tbeo  put  into  iu  place. 
The  veaeeb  are  now  left  till  the  quicksilver  ia  froaen.  A  more  elrgaut,  btit  more  ezpenjiive,  apja- 
YUtoa,  by  Mr  Pepya,  intended  for  the  aame  purpose,  ia  figured  iu  an  early  volume  of  the  Fl.ilo- 
gejhical  Magaaioe.    H.  1.  IU. 
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ing  ity  it  immediately  congealsi  and  the  temperature  rises  to 

149.  The  evolution  of  caloric,  during  the  congelation  of  wa- 
ter is  well  illustrated  by  the  following  experiment  of  Dr  Craw- 
ford, 

Into  a  roand  tin  yees^l  put  a  pound  of  powdered  ice  ;  surround  this  bj  a 
mixture  of  snow  and  saJt  in  a  larger  vessel ;  and  stir  the  Ice  in  the  inner  one, 
till  itH  temperature  i»  reduced  \o  «{-  4**  Fahrenheit.  To  the  ice  thus  cooled 
add  a  pound  of  water  at  SS**.  Oue-finh  of  this  will  be  frozen  ;  and  the  tempe- 
rature of  the  ice  will  rise  from  4*^  to  32^.  In  this  instance,  the  caloric  evolved, 
bj  the  confreiation  of  one  fifth  of  a  pound  of  water,  raises  the  temperature  of 
a  pound  of  ice  28^.     H.  1.  116. 

Dissolve  sulphate  of  soda  in  water,  in  the  proportion  of  one  part  to  five,  and 
surround  the  solution  by  a  freezing  mixture,  it  will  cool  gradually  down  to  31**. 
The  salt,  at  this  point,  begins  to  be  deposited,  and  stop?  the  cooling  entirely. 

This  evolution  of  caloric  during  the  separation  of  a  salt,  is 
exactly  the  reverse  of  what  happens  during  its  solution.* 

When  a  solution  of  Glauber's  salt  is  made  suddenly  to  crys- 
tallize, its  temperature  is  considerably  augmented  ;  (34)   and 
when  water  is  poured  upon  quicklime,  a  great  degree  of  heat 
is  produced  by  the  solidification  which  it  suffers  in  consequence 
of  chemical  combination  ;  congelation,  therefore,  is  to  surround- 
ing bodies  a  heating  process,  and  liquefaction  a  cooling  process. 
convcruon      150.  When  liquids  are  heated  they  acquire  the  gaseous  form, 
ufo"^agriTorm  and  bccomc  invisible  elastic  fluids,  possessed  of  the  mechanical 
■tate.  properties  of  common  air.     This  effect  of  caloric  is  termed 

Vaporization.  They  retain  this  form  or  state  as  long  as  their 
temperature  remains  sufficiently  high^  but  re-assume  the  liquid 
form  when  cooled  again. 

fexp.  Fill  a  jar  with  water  heated  to  104^  and  invert  it  in  a  vessel  of  the  same. 

Then  introduce  a  little  ether  by  means  of  a  glass  tube  closed  atone  end.  The 
ether  will  rise  to  the  top  of  the  jar,  and,  in  its  ascent  will  be  changed  into  gas, 
filling  the  whole  jar  with  a  transparent,  invisible,  elastic  fluid.  On  permitting 
the  water  to  cool,  the  ethereal  gas  is  condensed,  and  the  inverted  jar  again 
becomes  filled  with  water. 

Boiling  noiflt       151.  The  tcmpcraturc  at  which  vapour  rises  with  sufficient 

fcin"*  **^"  freedom  for  causing  the  phenomena  of  ebullition,  is  called  the 

boiling  point.     The  heat  requisite  for  this  effect  varies  with 

the  nature  of  the  fluid.     Thus  sulphuric  ether  boils  at  96^  F. 

*     alcohol  at  173^  and  pure  water  at  212^  ;  while  oil  of  turpentine 

must  be   raised   to  316^,  and  mercury  to   660^  before  either 

exhibits  marks  of  ebullition.     The  appearance  of  boiling  is 

owing  to  the  formation  of  vapour  at  the  bottom  of  the  vessel, 

and  its  escape  through  the  heated  fluid  above  it. 

Boiling  point      152.  The  boiling  point  of  the  same  liquid  is  constant,  so  long 

conj.uini  ui>-  j^g  ^||g  nccossary  conditions  are  preserved  ;  but  it  is  liable  to  be 

s^msujtccs.    afiected  by  several  circumstances.     1  he  nature  of  the  vessel  has 

some  influence  upon  it.     Thus  Gay  Lussac  observed  that  pure 

water  bolls  precisely  at  212^  in  a  metallic  vessel  and  at  214^  in 

one  of  glass.     It  is  likewise  affected  by  the  presence  of  foreign 

substances.     Dr  Bostock  found  that  ether,  heated  in  a  glass 


*  BlujJor,  Pkilot*  Trant'  1ju,vu:<  3!>0. 
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circum- 
■tanoe*. 


vessel,  had  its  boiliDg  point  lowered  nearly  50*^  by  introducing  ivflaeneadby 
a  few  chips  from  a  cedar  pencil,  and  alcohol  of  s.  g.,  849  had 
its  boiling  point  reduced  by  a  similar  cause  between  £(0^  and 
40^.  The  boiling  point  of  water,  heated  in  a  gUvSs  vessel,  was 
brought  down  4°  or  5^  by,  the  same  means.*  By- putting  coils 
of  wire  into  liquids,  heated  in  glass  vessels  with  a  view  to 
distillation,  they  are  made  to  boil  readily,  quietly  and  some 
degrees  lower  than  they  would  otherwise  do.  It  is  of  course 
necessary  to  use  a  metal  which  will  not  be  acted  upon  by  the 
liquid. 

153.  A  circumstance  which   has   great   influence  over   the  *''''■•«' •^ 
boiling  point  and  vaporization  of  fluids  is  variation  of  pressure. 

By  the  mere  removal  of  atmospheric  pressure  ether  will  be  con- 
verted into  vapour  at  the  common  temperature  of  the  atmosphere. 

Into  a  glass  tube,  fig.  10,  about  six  inches  long,  and  half  an  inch  in  diameter,  ^^r- 
put  a  teaspoonful  of  ether,  and  fill  op  the  tube  with  water ;  then,  pressing  the 
thumb  on  the  open  end  of  the  tube,  place  it,  inverted,  in  a  jar  of  water.  Let 
the  whole  be  set  under  the  receiver  of  an  air-pump,  and  exhaust  the  air.  The 
ether  will  be  changed  into  gas,  which  will  expel  the  water  entirely  from  the 
tube.  On  re-admitting  the  air  into  the  receiver,  the  gas  ia  again  condensed  into 
a  liquid  form. 

154.  From   the  experiments  of  the  late  Prof.  Robison  it  BoUiog  poiat 
appears  that  liquids  boil  in  a  vacuum  at  a  temperature  140^  uvuuo. 
lower  than  in  the  open  air.t     Thus  water  boils  at  72^  F.,  alco- 
hol at  33^  and  ether  at — 44^.     This  proves  that  a  liquid  is  not 
necessarily  hot  because  it  boils.     The  heat  of  the  hand  is  8u£S- 

cient  to  make  ether  boil  in  a  vacuum^  as  is  exemplified  by  the 
Pulse  glass. 

155.  Even  the  ordinary  variations  in  the  weight  of  the  air,  S.^^M^'f 
as  measured  by  the  barometer,  are  sufficient  to  make  a  difference  donUDtrof th« 
in  the  boiling  point  of  water  of  several  degrees.     When  the  *"' 
barometer  is  at  28  inches,  water  will  boil  at  the  temperature  of 
208,43^,  when  at  30  inches  at  212,  and  when  at  31  at  213,76^. 

At  the  top  of  Mount  Blanc,  Saussure  found  that  it  boiled  at  Aituodea  de- 
187°,  so  that  the  heights  of  mountains,  and  even  of  buildings,  th™"^aiiffn 
may  be  calculated   by  reference  to  the  temperature  at  which  jH^inu^w'? 
water  boils  upon  their  summits.     The  Reverend  Mr  Wollaston  ^' 
has  described  to  the  Royal  Society  the  method  of  constructing  a 
thermometer  of  extreme  delicacy,  applicable  to  these  purposes4 

156.  The  following  apparently  paradoxical  experiment  also  r^.^'^iEl! 
illustrates  the  influence  of  diminished  pressure  in  facihtatins:  preMurefacti- 
ebullition.  Uoo. 

Insert  a  stopcock  securely  into  the  neck  of  a  Florence  flask,  fig.  18,  contain-  g, 
ing  a  little  water,  and  heat  it  over  a  lamp  till  the  water  boils,  and  the  steam 
freelj  escapes  bj  the  open  stopcock ;  then  suddenly  remove  the  lamp  and 
close  the  cock.  The  water  will  soon  cease  to  boil ;  but  if  plunged  into  a 
▼esse]  of  cold  water  ebullition  instantly  recommences,  but  ceases  if  the  flask 
be  held  near  the  fire :  the  vacuum  in  this  case  being  produced  by  the  con- 
densation of  the  steam. 

157.  Water  cannot  be  heated  under  common  circumstances  tiif^tti?r 
beyond  212®  F.  because  it  then  acquires  such  an  expansive  ^^^^v*^ 

•  Aao.  of  FikUos.  N.  S.  is.  19S«  t  Black's  Lictunt,  Vol.  1,  p.  151.       t  Phil.  Truai.  1817. 
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force  as  enables  it  to  orercome  the  atmospheric  pressure,  and 
to  fly  off  in  the  form  of  vapour.  But  if  subjected  to  sufficient 
pressure,  it  may  be  heated  to  any  extent  without  boiling.  For 
making  experiments  on  this  subject  the  apparatus,  represented 
plate  2.  fig.  39,  contrived  by  Dr  Marcet,  will  be  found  extremely 
useful,  a  is  a  strong  brass  globe,  composed  of  two  hemispheres 
screwed  together  with  flanches ;  a  portion  of  quicksilver  is 
introduced  into  it,  and  it  is  then  about  half  filled  with  water, 
ft  is  a  barometer-tube  passing  through  a  steam-tight  collar,  and 
dipping  into  the  quicksilver  at  the  bottom  of  the  globe,  c  is  a 
thermometer  graduated  to  about  400^,  and  also  passing  through 
an  air-tight  collar,  d  is  a  stopcock,  and  e  a  large  spirit  lamp. 
The  whole  is  supported  upon  the  brass  frame  and  standy*.  Upon 
applying  heat  to  this  vessel,  the  stopcock  being  closed  as  soon 
as  the  water  boils,  it  will  be  found  that  the  temperature  of  the 
water  and  its  vapour  increases  with  the  pressure,  which  is 
measured  by  the  ascent  of  the  mercury  in  the  barometer- tube. 
The  thermometer  under  atmospheric  pressure  being  at  212°, 
will  be  elevated  to  217°  under  a  pressure  of  five  inches  of 
mercury,  and  to  242°  under  a  pressure  of  30  inches,  or  there- 
abouts ;  each  inch  of  mercury  producing  by  its  pressure,  a  rise 
of  about  1°  in  the  thermometer.  The  barometer-tube  also 
serves  the  purpose  of  a  safety-valve,  the  strength  of  the  brass 
globe  being  such  as  to  resist  a  greater  pressure  than  that  of  one 
atmosphere. 

158.  The  conversion  of  a  liquid  into  vapour  is  always  attend- 
ed with  great  loss  of  thermometric  heat ;  and  as  liquids  may 
be  regarded  as  compounds  of  solids  and  heat,  so  vapours  may  be 
considered  as  consisting  of  a  similar  combination  of  heat  with 
liquids ;  in  other  words,  a  great  quantity  of  heat  becomes  latent 
during  the  formation  of  vapour. 

Moisten  a  thermometer  with  alcohol,  or  with  ether,  and  expose  it  to  the  air, 
repeating  these  operations  alternatelj.  The  mercurj  of  the  thermometer  will 
sink  at  each  exposure,  because  the  volatile  liquor,  daring  the  eva|K>ration,  robs 
it  of  its  heat.  In  this  way,  (especially  with  the  aid  of  an  apparatus,  described 
by  M.  Cavallo,  in  the  Pbilofophica)  Transactions,  1781,  p.  509,)  water  may  be 
frozen,  in  a  thin  and  small  glass  ball,  by  means  of  ether  The  same  effect  may 
be  obtained,  also,  by  immersing  a  tube,  containing  water  at  the  bottom,  in  aglaM 
of  ether,  which  is  to  be  placed  under  the  receiver  of  an  air  pump ;  or  the  -etber 
may  be  allowed  to  float  on  the  the  surface  of  the  water.  During  the  exhaust- 
ion of  the  vessel,  the  ether  will  evaporate  rapidly,  aud,  robbing  the  water  of 
beat,  will  completely  freeze  it ;  thus  exhibiting  the  singular  spectacle  of  two 
fluids  in  contact  with  each  other,  one  of  which  is  in  the  act  of  boiling,  and  the 
other  of  freezing,  at  the  same  moment. 

By  a  little  modification  of  the  experiment,  mercury  itself, 
which  requires  for  congelation  a  temperature  of  almost  40® 
below  0  of  Fahrenheit,  may  be  frozen,  as  was  first  shown  by  Dr 
Marcet.  A  conical  receiver,  fig.  54,  open  at  the  top,  is  placed 
on  the  plate  of  an  air-pump,  and  a  small  tube  with  a  cylindrical 
bulb  at  its  lower  end,  containing  mercury,  is  suspended  within 
the  receiver,  through  the  aperture,  by  means  of  a  brass  plate, 
perforated  in  its  centre,  and  fitting  the  receiver  air-tight^  when 
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kid  upon  its  open  neck.  The  tube  passes  through  this  plate,  to 
which  it  is  fitted  by  a  leather  adjustment,  or  simply  by  a  cork 
secured  with  sealing  wax.  The  bulb  is  then  wrapped  up  in  a 
littie  cotton  wool,  or,  what  is  better,  in  a  small  bag  of  fin^ 
fleecy  hosiery,  in  which  a  small  spirit  thermometer  graduated 
below  '}0°  Fahrenheit,  may  also  be  included,  and  after  being 
dipped  into  sulphuret  of  carbon  or  ether*  the  apparatus  is 
quickly  placed  under  the  receiver,  which  is  exhausted  as  rapidly 
as  possible.  In  two  or  three  minutes,  the  temperature  sinks  to 
about  45^  below  0,  at  which  moment  the  quicksilver  in  the  stem 
suddenly  descends  with  great  rapidity.  If  it  be  desired  to 
exhibit  the  m^cury  in  a  solid  state,  common  tubes  may  be 
used,  which  have  originally  been  about  an  tnch  in  diameter,  but 
have  been  flattened  by  pressure,  when  softened  by  the  blow- 
pipe. The  experiment  succeeds,  when  the  temperature  of  the 
room  is  as  high  as  +  40^  Fahrenheit.     H.  126. 

159.  •Immerse  a  thermometer  into  an  open  vessel  of  water  j^^^^  eaio- 
placed  over  a  lamp.    The  quicksilver  rises  to  212*^,  the  water  noofaquwiw 
then  boils,  and  although  the  source  of  heat  remains,  neither  the  ^^^ 
water  nor  the  steam  acquire  a  higher  temperature  than  212^; 

the  heat  then  becomes  latent,  and  Is  consumed  in  the  formation, 
of  steam. 

To  ascertain  the  absolute  loss  of  thermometric  heat  in  this 
case,  Dr  Black  instituted  the  following  experiments :  he  noted 
the  time  required  to  raise  a  certain  quantity  of  water  to  its 
boiling  point ;  he  then  kept  up  the  same  heat  till  the  whole 
was  evaporated, and  marked  the  time  consumed  by  the  process; 
it  was  thus  computed  to  what  height  the  temperature  would 
have  risen,  supposing  the  rise  to  have  gone  on  above  212^,  in 
the  same  ratio  as  below  it :  and  as  the  temperature  of  the  steam 
was  the  same  as  that  of  the  water,  it  was  fairly  inferred  that  all 
the  heat  above  212°  was  essential  to  the  constitution  of  aqueous 
vapour.  Dr  Black  estimated  this  quantity  at  about  810°  ;  that 
is,  the  same  quantity  of  heal  which  is  required  for  the  total  SjjJX^ii 
evaporation  of  boiling  water  at  212°  would  be  suflScient  to  raise 
the  water  810°  above  its  boiling  point,  or  to  1022°  had  it  con- 
tinued in  the  liquid  state.  There  are  other  means  of  ascertain- 
ing the  latent  heat  of  steam  which  lead  us  to  place  it  between 
900°  and  1000°.    B. 

160.  The  following  table  of  the  latent  heat  of  steam  and  some 
other  vapours  is  extracted  ^  from  a  paper  in  the  Philosophical 
Transact  ions  for  1818,  by  Dr  Ure. 

Vapour  of  Water  at  218° 9S7°,00  Table  of  th« 

— —  Alcohol 44«  ,00  irri^e'^rjr 

Ether 302  ,38  fluids  by  Or 

Petrolenin 177  ,87  Ure. 

Oil  of  Turp«otiDe      •    ...  177  ,87 

Nitric  acid 531  ,09 

..^— *—  Liqaid  Ammonia  .    .    •    •     •  837  ,28 
Vinegar 875  ,00 


^  la  e&haosUng  a  vesael  containinf  eiUiar  of  tbow  fluidi ,  tbe  TalTw  of  tbe  air-pump  mint  b«  metaiHe. 
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161.  When  steam  is  again  condensed,  or  when  vapours  re- 
Latontiieat  assume  the  liquid  state,  their  latent  heat  becomes  sensible  ;  and 

SwS!***"*^  in  this  way  it  is  obvious  that  a  small  quantity  of  steam  will, 
during  its  condensation,  communicate  heat  sufficient  to  boil  a 
large  quantity  of  water.  • 

^'^  The  small  boiler,  represented  in  fig.  53,  taken  from  Dr  Hen- 

ry's Elements  of  Chemistry^  may  be  conveniently  employed 
in  experiments  on  the  latent  heat  of  steam. 

For  this  purpose  the  tube  e  must  be  screwed  on  the  stop- 
cock by  and  immersed  into  the  glass  of  water  f.  The  cock  c 
being  closed,  the  steam  arising  from  the  boiling  water  a  will 
pass  into  the  cold  water  y,  the  temperature  of  which  will  be 
much  augmented  by  its  condensation.  Ascertain  the  increase 
of  temperature  and  weight,  and  the  result  will  show  how  much 
a  given  weight  of  water  has  had  its  temperature  raised  by  a 
certain  weight  of  condensed  steam.  To  anoiher  quantity  of 
water^  of  the  same  weight  and  temperature  as  that  in  the  jar  at 
the  outset  of  the  experiment,  add  a  quantity  of  water  at  212% 
equal  in  weight  to  the  condensed  steam  ;  it  will  be  found,  on 
comparing  the  resulting  temperatures,  that  a  given  weight  of 
steam  has  produced,  by  its  condensation,  a  much  greater  eleva- 
tion of  temperature  than  the  same  quantity  of  boiling  water. — 
H.  1.  \2^. 

BeoDomic&i        ^^^'  ^^^  Iwf,'^  quantity  of  heat,  latent  in  steam  renders 

uMofiteam,  itg  application  extremely  useful  for  practical  purposes.  Thus 
water  may  be  heated,  at  a  considerable  distance  from  the  con- 

Pl.  1.  ducting  pipe  e  fig.  52.     This  furnishes  us  with  a  commodious 

method  of  warming  the  water  of  baths,  which,  in  certain  cases 
of  disease,  it  is  of  importance  to  have  near  the  patient's  bed- 
room ;  for  the  boiler,  in  which  the  water  is  heated,  may  thus  be 
placed  on  the  ground-floor,  or  in  the  cellar  of  a  house ;  and  the 

taken  adran-  stcsm  convcycd  by  pipcs  iuto  an  upper  apartment.     Steam  may 

•oR^ifto!  *^^^  ^^  applied  to  the  purpose  of  heating  or  evaporating  water, 
by  a  modification  of  the  apparatus.*    In  breweries  and  other 


*  Fif .  58,  f  raproienti  the  apparatus  for  boiling  water  by  the  condensatiofl  oritoam,  without  adding 
to  ite  quantity ;  a  circomatance  oecaaionally  of  considerable  importance.  The  steam  ia  received 
between  the  Tessel,  which  contains  the  water  to  be  heated,  and  an  exterior  case;  it  imparts  its  caloric 
to  the  wat«r,  through  the  bubiftance  of  the  vessel ;  is  thus  condensed,  and  returns  to  the  boiler  by  the 
'  perpendicular  jMp«.  An  alteration  of  the  form  of  the  ressel  adapts  it  to  OTaporatioo  (Sg.  9ELy  A.) 
This  method  of  evaporation  is  admirably  suited  to  the  concentration  of  liquids,  that  are  decomposed, 
or  injured  by  a  higher  temperature  than  that  of  boiling  water,  such  as  medicinal  extracts ;  to  the 
drying  of  precipitates,  &c.  In  the  employment  of  either  of  tiiese  resseb,  it  is  expedient  to  surround 
it  with  some  slow  conductor  of  heat.  On  a  small  scale  a  ftw  folds  of  woolkn  cloth  are  sufficient ; 
and  when  the  vessel  is  constructsd  of  a  large  sise  for  practical  use,  this  purpose  is  served  by  the  brick 
work  in  which  it  is  placed.    H.  1.  135. 

A  very  convenient  apparatus  for  drying  precipitates,  &c.  by  steam  is  deecpbed  by  Dr  XJn.  A  squat* 
tin  box,  about  18  inches  long,  13  broad,  and  6  deep,  has  its  bottom  liollowed  a  liltla  by  the  haamwr 
towards  its  centre,  in  which  a  round  hole  is  cut  of  5  or  6  inches  diameter.  Into  this  a  tin  tube,  3^4 
Inches  long,  is  soldered.  This  tube  is  made  to  fit  tightly  into  the  mouth  of  a  oommen  tea-kettle,  wht^ 
has  a  folding  handle.  The  top  of  the  box  has  a  number  of  circular  holes  cut  into  it,  of  difRsrent  dtametera, 
into  which  evaporating  capsules  are  placed.  When  the  kettle,  filled  with  water,  and  with  its  nosade 
corked  is  set  on  astove,  the  vapow  plajring  on  tlw  botloBB  of  the  capsoleathatta  thtBi,to  any  nquired 
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xnanafactoriesy  where  large  quantities  of  warm  and  boiling  water 
are  consumed,  it  is  frequently  heated  by  conveying  steam  into 
itf  or  by  suffering  steam-pipes  to  traverse  the  vessels  or  by 
employing  double  vessels,  a  plan  adopted  with  particular  advan- 
tage in  the  preparation  of  medicinal  substances.  Where  a  higher 
temperature  than  212°  is  required  it  is  necessary  to  employ  steam 
under  adequate  pressure. 

163.  The  perfect  transparency  of  steam,  and  also  two  other  g^^^^^  .^ 
important  properties,  on   which  depends  its  use  as  a  moving  tmupuent. 
power,  viz.  its  elasticity  and  its  condensibility  by  a  reduced 
temperature,  are  beautifull}*  shown  by  a  little  apparatus  contriv- 
ed by  Dr  Wollaston.     It  consists  of  a  glass  tube  fig.  35,  about  pi.t. 

6  inches  long  and  %  inch  bore,  as  cylindrical  as  possible,  and 
blown  out  a  little  at  the  lower  end.  It  has  a  wooden  handle,  to 
which  is  attached  a  brass  clip  embracing  the  tube ;  and  within 
is  a  piston,  which,  as  well  as  its  rod,  is  perforated,  as  shown 
by  the  dotted  lines.  This  canal  may  be  occasionally  opened  or 
closed  by  a  screw  at  the  top :  and  the  piston  rod  is  kept  in  the 
axis  of  the  cylinder  by  being  passed  through  a  piece  of  cork 
fixed  at  the  top  of  the  tube.  When  the  instrument  is  used,  a 
little  water  is  put  into  the  bottom ;  the  piston  is  then  introduc- 
ed with  its  aperture  left  open ;  and  the  water  is  heated  over  a 
spirit  lamp.  The  common  air  is  thus  expelled  from  the  tube, 
and  when  this  may  be  supposed  to  be  effected,  the  aperture  in 
the  rod  is  closed  by  the  screw.  On  applying  heat,  steam  is 
produced,  which  drives  the  piston  upwards.  On  immersing 
the  bulb  in  water,  or  allowing  it  to  cool  spontaneously,  a  vacuum 
is  produced  in  the  tube,  and  the  piston  is  forced  downwards  by 
the  weight  of  the  atmosphere.  These  appearances  may  bo 
alternately  produced  by  repeatedly  heating  and  cooling  the 
water  in  the  ball  of  the  instrument.  In  the  original  steam 
engine,  the  vapour  was  condensed  in  the  cylinder,  as  it  is  in 
the  glass  tube;  but  in  the  engine  as  improved  by  Mr  Watt,  the 
steam  is  pumped  into  a  separate  vessel,  and  there  condensed;  by 
which  the  loss  of  heat^  occasioned  by  cooling  the  cylinder  every 
time,  is  avoided. 

164.  Liquids  assume  the  aeriform  state  much  more  rapidly  Reduction 6f 
under  a  diminished  "pressure,  especially  if  the  vapour  which  is  b^'X'Jow^ 
formed  be  condensed  as  soon  as  it  is  produced,  so  as  to  maintain  tioa. 

the  vacuum ;  and  the  cold  produced  is  very  great. 

On  this  principle  depends  Mr  Leslie's  new  and   ingenious  MrL«iie'« 
mode  of  freezing  water,  in  an  atmosphere  of  any  common  tern-  Jy^^*"^. 
perature,  by  producing  a  rapid  evaporation  from  the  surface  of  ter. 
the  water  itself.     The  water  to  be  congealed  is  contained  in  a 
shallow  vessel,  which  is  supported  above  another  vessel,  con- 
taining strong  sulphuric  acid,  or  dry  muriate  of  lime ;  or  even 

Mmpenaora ;  and  beiq^  itaolf  continually  eondenaed  runa  back  into  tlie  kettle.  The  orificM  not  in  om 
■ay  b«  ckMod  with  tin  Uds.  lo  drying  procipitat«t,  the  lube  of  the  flaw  funnel,  ahould  be  eorked  up, 
and  the'fiionel  be  plaeed,  with  its  flltre,direetly  into  the  proper  aheed  opening.  For  dryiug  red  cabbage, 
violet  petal*,  *«>  a  tin  tray  u  provided,  which  fiu  cIom  on  the  top  of  the  box,  i*ithin  the  rim  which 
goea  about  ii.    The  rouua  orificoa  aia  left  open  when  thia  tray  is  applied.    (Z^ict.  Chem.  29L) 
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dried  garden  mould  or  parched  oatmeal.  Any  substance,  in- 
deed, that  powerfully  attracts  moisture,  may  be  applied  to  this 
purpose.  The  whole  is  covered  by  the  receiver  of  au  air-pump, 
which  is  rapidly  exhausted  ;  and  as  soon  as  this  is  effected, 
crystals  of  ice  begin  to  shoot  in  the  water,  and  a  considerable 
quantity  of  air  makes  its  escape,  after  which  the  whole  of  the 
water  becomes  solid.  The  rarefaction  required  is  to  about  100 
times ;  but  to  support  congelation,  after  it  has  taken  place,  20 
or  even  10  times  are  sufficient.  The  sulphuric  acid  becomes 
very  warm  ;  and  it  is  remarkable,  that,  if  the  vacuum  be  kept 
up,  the  ice  itself  evaporates.  In  five  or  six  days,  ice  of  an  inch 
in  thickness  will  entirely  disappear.  The  acid  continues  to  act, 
till  it  has  absorbed  an  equal  volume  of  water. 

Esp.  Ad  eleg^ant  manner  of  makiniei;  the  experiment  la  to  coirer  the  ye»«e1  of  water 

ri.  1.  (^?*  ^&)  <>)  ^i^h  >  plate  of  metal  or  %hx>t^  fixed  to  the  end  of  a  felidiiig  wire  6, 

which  mud  pass  throni^h  the  neck  of  the  receiver,  and  be,  at  (he  i^eme  tioie, 
air  tight,  and  capable  of  being  drawn  upwards.  When  the  receiver  i»  exhaust- 
ed, th^  water  will  continue  fluid,  (ill  the  cover  is  removed,  when,  in  1e»B  Miaa 
five  minuter,  needle-shaped  crystal*  of  ice  will  shoot  through  it,  and  the  ivhole 
will  soon  become  frozen. 

In  this  interesting  process,  if  it  were  not  for  the  sulphuric 
acid,  an  atmosphere  of  aqueous  vapour  >vould  fill  the  receiver ; 
and,  pressing  on  the  surface  of  the  water,  would  prevent  the 
further  production  of  vapour.     But  the  steam,  which   rises, 
being  condensed  the  momeht  it  is  formed,  the  evaporation  goes 
on  very  rapidly,  and  has  no  limits  but  the  quantity  of  the  water, 
and  the  diminished  concentration  of  the  acid.* 
DrWoiias-        165.  It  is  00  the  same  principle,  that  the  instrument  invent- 
Xni"^'^**^    ed  by  Dr  Wollaslon,  and  termed  by  him  the  Cryophoru8^  or 
Frost  bearer  y  is  founded.     It  may  be  formed  by  taking  a  glasft 
P1.1:  tube  fig.  20,  having  an  internal  diameter  of  about  |th  of  an  inch, 

the  tube  being  bent  to  a  right  angle  at  the  distance  of  half  an 
inch  from  each  ball.  One  of  these  balls  should  be  about  ^d 
filled  with  water,  and  the  other  should  be  as  perfect  a  vacuum 
as  can  readily  be  obtained,  the  mode  of  effecting  which  is  well 
known  to  those  accustomed  to  blow  glass.  One  of  the  balls  is 
made  to  terminate  in  a  capillary  tube ;  and  when  the  water  in 
the  other  ball  has  been  boiled  over  a  lamp  (  considerable  time, 
till  all  the  air  is  expelled,  the  capillary  extremity,  through  which 
the  steam  is  still  issuing  with  violence,  is  held  in  the  flame  of 
the  lamp,  till  the  force  of  the  vapour  is  so  far  reduced,  that  the 
lieat  of  the  flame  has  power  to  seal  it  hermetically. 

When  an  instrument  of  this  kind  is  well  prepared,  if  the 
empty  ball  be  inimersed  in  a  mixture  of  snow  and  salt,  the  water 
in  the  other  ball,  though  at  the  distance  of  two  or  three  feet, 
will  be  frozen  solid  in  the  course  of  a  very  few  minutes.  The 
experiment  may  be  rendered  even  more  striking,  if  performed 
according  to  Dr  Marcet's  modification  of  it :  the  empty  bail 
covered  with  a  little  moist  flannel,  is  to  be  suspended  in  the 

■  *  The  mo«t  C4)mpleto  account  of  Uiis  new  mod«  of  fteeung  is  to  bo  found  in  tbo  Su)i]rfenieat  to  tb» 

EncycL  BrtC  art.  CeU. 
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manner  shown  in  fijsr.  17,  within  a  receiver,  over  a  shallow 
ressel  of  strong  sulphuric  acid,  and  the  receiver  is  then  lo  be 
exhausted.  In  both  cases  the  vapour  in  the  empty  ball  is  con- 
densed by  the  common  operation  of  cold ;  and  the  vacuum 
produced  by  this  condensation  gives  opportunity  for  a  fresh 
quantity  to  arise  from  the  opposite  ball,  with  a  proportional 
reduction  of  the  temperature  of  its  contents.     H.  135. 

166.  In  many  natural  operations  the  conversion  of  water  into 
vapour,  and  the  condensation  of  vapour  in  the  form  of  dew  and 
rain,  is  a  process  of  the  utmost  importance,  and  tends  considera- 
bly to  the  equalization  of  temperature  over  the  globe. 

Water,  as  has  been  seen  (158)  in  passing  into  vapour  from  TcmperatnT* 
heat,  absorbs  caloric  without  increasing  in  temperature  ;  this  Jo%?*4ulIi! 
vapour  asceiids  in  the  atmosphere ;  when  the  heat  diminishes,  ucd. 
or  when  wafted  to  colder  regions,  it  is  condensed,  and  gives 
out  the  caloric  it  had  absorbed.     In  seasons  or  situations  where 
the  cold  becomes  still  more  intense,  water  is  congealed;  and  in 
fiufiering  this  change  it  evolves  caloric  (161)  to  moderate  the 
progressive  reduction  of  temperature.     When  warmth  is  restor- 
ed, it  returns  to  the  liquid  state,  absorbs  caloric,  and  retards  the 
app?oac'.ing  heat.     The  transition  of  seasons  is  thus  moderated; 
sudden  and  extreme  variations  are  guarded  against,  and  the 
temperature  of  the  globe  every  where  preserved  more  uniform. 
M.  1.  480. 

167.  Until  the  experiments  of  Dr  Wells*  the  deposition  of  new  and 
dew  and  hoar  frost  had  been  supposed  to  depend  entirely  upon  '^^^  &*»•'• 
the  reduction  of  temperature  in  the  air  during  the  night,  and  the 
consequent  precipitation  of  its  moisture  to  the  earth.     Dr  Wells 

has  shown  that  the  deposition  of  dew  and  hoar  frost,  is  the  con- 
sequence of  the  radiation  of  caloric  from  the  surface  of  the 
earth,  and  that,  under  favourable  circumstances,  the  temperature 
of  the  ground,  especially  when  its  covering  is  formed  of  some 
substance  that  radiates  freely,  as  grass,  is  several  degrees  below 
that  of  the  atmospheric  stratum,  a  few  feet  above  it.  It  is  this 
diminished  temperature  of  the  earth's  surface,  that  occasions  the 
deposition  of  dew  and  hoar  frost,  which  are  always  observed  to 
be  most  abundantly  formed  under  a  clear  unclouded  sky  ;  a  cov- 
ering of  clouds  serves  as  a  mantle  to  the  earth,  and  prevents  the 
free  escape  of  radiant  caloric,  hence  the  advantage  of  snow  and 
artificial  coverings  in  protecting  plants. 

The  temperature  at  which  dew  begins  to  be  deposited  is  called  Dewpoiat. 
the  dew  point,  for  determining  which  a  very  ingenious  instru- 
xnent  has  been  contrived  by  Mr  Daniell.*  A  less  expensive 
instrument  is  made  bv  Mr  Pollock  of  Boston ;  it  is  a  theimorne- 
ter  filled  with  ether,  having  two  bulbs  at  the  same  extremity  of 
the  tube,  the  upper  one  being  covered  with  muslin.  When 
sulphuric  ether  is  dropped  upon  the  muslin  the  temperature  of 
the  two  bulbs  falls,  and  a  deposition  of  dew  becomes  visible  on 
the  lower  and  exposed  bulb.  The  degree  indicated  by  the 
thermometer  at  that  instant  is  the  dew  po.int. 

*  £iMy  ott  D*w,  tte.  t  •^n*'*  ^^^  Inttitvt.  Vol  8. 
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168.  Nothing  is  known  of  the  nature  or  cause  of  heat.  It 
has  been  by  some  considered  as  a  peculiar  fluid,  to  which  the 
term  Caloric  has  been  applied ;  and  many  phenomena  are  in 
favour  of  the  existence  of  such  a  fluid.  By  others,  the  phe- 
nomena above  described  have  been  referred  to  a  vibratory 
fnotio?i  of  the  particles  of  matter,  varying  in  velocity  wiih  the 
perceived  intensity  of  the  heat.  In  fluids  and  gases  the  particles 
are  conceived  to  have  a  motion  round  their  own  axes.  Tern- 
perature,  therefore,  would  increase  with  the  velocity  of  the 
vibrations ;  and  increase  of  capacity  would  be  produced  by 
the  motion  being  performed  in  greater  space.  The  loss  of 
temperature,  during  the  change  of  solids  into  liquids  and  gases, 
would  depend  upon  loss  of  vibratory  motion^  in  consequence 
of  the  acquired  rotatory  motion. 

Upon  the  other  hypothesis,  temperature  is  referred  to  the 
quantity  of  caloric  present ;  and  the  loss  of  temperature,  which 
happens  when  bodies  change  their  state,  depends  upon  the 
chemical  combination  of  the  caloric  with  the  solid  in  the  case 
of  liquefaction,  and  with  the  liquid  in  the  case  of  conversion 
into  the  aeriform  state.     B. 
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Section  IV.     Of  Light. 

169.  The  minute  investigation  of  those  laws  of  light  which 
relate  to  its  motion,  and  effects  in  producing  vision^  constitutes 
a  branch  of  the  science  of  Optics,  and  therefore  belongs  to 
Mechanical  Philosophy ;  it  is  however  requisite  that  some  of 
them  should  partially  be  considered  as  bearing  upon  important 
questions  of  chemical  inquiry. 

The  phenomena  of  vision  are  produced  either  by  bodies 
inherently  luminous,  such  as  the  sun,  the  fixed  stars,  and  incan- 
descent substances;  or  they  are  referable  to  the  reflection  of 
light  from  the  surfaces  of  bodies. 

170.  The  manner  in  which  the  eye  is  affected  by  luminous 
bodies  shows  that  light  is  transmitted  in  right  lines,  and  every 
right  line  drawn  from  a  luminous  body  to  the  eye  is  termed  a 
ray  of  lights  and  as  a  congeries  of  rays  possesses  the  same 
properties  as  the  single  ray,  the  same  abstract  term  is  frequently 
employed  to  designate  the  congeries. 

171.  Newton  first  discovered  that  certain  bodies  exercise  on 
light  a  peculiar  attractive  force.  When  a  ray  passes  obliquely 
from  air  into  any  transparent  liquid  or  solid  surface,  it  undergoes 
at  entrance  an  angular  flexure,  which  has  been  called  refraction. 
The  refraction  is  towards  the  perpendicular  when  the  ray  passes 
into  a  denser  medium,  and  from  the  perpendicular  when  it 
passes  into  a  rarer  medium.  The  medium  in  which  the  rays  of 
light  are  caused  to  approach  nearest  to  the  line  perpendicular 
to  its  surface,  is  said  to  h«'^'ve  the  greatest  refractive  density. 

172.  It  was  found  by  Newton,  that  unctuous,  or  inflammable 
bodies  occasioned  a  greater  deviation  in  the  luminous  rays  than 
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Iheir  attractive  mass,  or  density  gave  reason  to  expect.  Hence 
he  conjectured,  that  both  diamond  and  water  contained  combus- 
tible matter.     U.  546. 

173.  The  refractive  power  of  the  same  inflammable  substance 
bears  a  proportion  to  its  perfection,  insomuch  that  this  property 
may  be  used  as  a  test  of  its  purity.  Thus  Dr  Wolla^ton  found 
that  genuine  oil  of  cloves  has  a  refractive  power  of  i,535,  while 
that  of  an  inferior  quality  did  not  exceed  1,498. 

174.  The  density  of  bodies  is  not  the  only  circumstance  that 
affects  their  refractive  power  ;  it  also  d'^pends  on  their  chemical 
nature,  and  from  the  refractive  power  of  bodies  we  may  in  many 
cases  infer  their  chemical  constitution. 

175.  The  refractive  power  of  compounds  is  not  the  mean 
deduced  from  that  of  their  components;  which,  however,  it 
generally  is  in  mere  mixtures. 

The  following  table  exhibits  the  refractive  powers  of  several 
gaseous  and  solid  bodies ;  from  the  experiments  of  Biot  and 
Arago  and  from  Newton's  Optics, 

( Tkfrm.  33°  F.  Barom.  30  tie.) 


May  be  nsed 
as  a  test  of 
their  purity. 


RefVaetive 
power  de- 
peDds  on  th4 
chemical  na- 
ture OS  wall 
as  deoaily. 

Refractive 
power   of 
compounda    ' 
not  the  meaif 
of  that  of 
their    Cfmr 
stiment^ 


Atmotpheric  air 1,00000 

Carbonic  acid 1,00476 

Nitrogen J, 03408 

Miiriatic  acid  gaa  •  .  .  •  1,19625 

Oxygen 1,86161 

Carbaretted  hydrogen    .  2,09270 

AmxDOoia 2,16b51 


Hydrogen 6,61436 

Muriatic  ether,  gaseous  .  •  1,71344 

Watei 1,7226 

Gum  arable 1,8826 

AlcohoJ 2,2^23 

Olive  oil 2,7684 

Diamond 3,1961 
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From  this  it  appears  that  the  combustible  gases  surpass  the 
others  in  this  property^  and  that  hydrogen  gas  exceeds  them  all. 

176.  When  the  rays  of  light  arrive  at  the  surfaces  of  bodies,  a 
part  of  them,  and  sometimes  nearly  the  whole,  is  thrown  back,  or 
reflectedydind  the  more  obliquely  the  light  falls  upon  the  surface, 
the  greater  in  general  is  the  reflected  portion.  In  these  cases  the 
angle  of  reflection  is  always  equal  to  the  angle  of  incidence. 

Let  a  a  represent  pencils  of  light  falling  upon  the  surface  of  a  polished  piece 
•f  glasft  By  the  perpendicular  pencil  will  pass  on  in  a  straight  line  to  d* 
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Of  the  oblique  pencil,  one  portion  will  enter  (he  glass  and  vuffer  refraction 
towards  the  perpendicular  as  at  6,  and  re-entering  the  atmosphere,  it  will  bend 
irom  the  perpendicular,  and  re-assunie  its  former  direction,  as  at  c.    Another 


56  Light — Double  n^nuiion.  chap.  !• 

portion  of  the  oUique  pencil  will  be  reflected  at  an  angle  eqnai  to  that  of  iti 
incidence,  a»  at  e. 

177.  When  a  ray  of  light  passes  through  an  oblique  angular 
crystalline  body,  it  exhibits  peculiar  phenomena ;  one  portion 
is  refracted  in  the  ordinary  way;  another  suffers  extraordinary 
refraction,  in  a  plane  parallel  to  the  diagonal  joining  the  two 
obtuse  angles  of  the  crystal ;  so  that  objects  seen  through  the 
crystal  appear  double.     Transparent  rhomboids  of  carbonate  of 

^^^^         lime,  or   Iceland  crystal,  exhibit  this  phenomenon   of  double 
fiMUol'**     refraction  particularly  distinct. 

If  a  ray  of  light,  which  has  thus  suffered  double  refraction, 
be  received  by  another  crystal,  placed  parallel  to  the  first,  there 
will  be  no  new  division  of  the  rays ;  but  if  it  be  placed  in  a 
transverse  direction,  that  part  of  the  ray  which  before  suffered 
ordinary  refraction  will  now  undergo  extraordinary  refraction, 
••ztn^<!^iJLy  &iid  reciprocally  that  which  underwent  extraordinary  refraction 
^efraotioo.      qq^  sufTcrs  Ordinary  refraction. 

If  the  second  crystal  be  turned  gradually  round  in  the  same 
row^l^S  plane,  when  it  has  made  a  quarter  of  a  revolution  there  will  be 
Sependontup.  four  dlvlsioos  of  the  ray,  and  they  will  be  reduced  to  two  in  the 
tion  of  cryi-  half  of  the  revolution  ;  so  that  the  refracting  power  appears  to 
tjHino  paitir  ^jgpgQ^]  upQjj  some  relation  of  the  position  of  the  crystalline 
particles. 

178.  When  light  is  reflected  from  bodies,  it  retains,  under 
many  circumstances,  its  former  relations  to  the  refractive  power 
of  transparent  media ;  but,  in  certain  cases,  at  angles  differing 
for  different  substances,  the  reflected  rays  exhibit  peculiar  prop- 
erties, analogous  to  those  which  have  suffered  extraordinary 
refraction.  Thus,  if  the  flame  of  a  taper  reflected  at  an  angle 
of  52**  45'  from  the  surface  of  water,  be  viewed  through  a  piece 
of  double  refracting  spar,  one  of  the  images  will  vanish  every 
time  that'  the  crystal  makes  a  quarter  of  a  revolution. 

179.  When  a  ray  of  light  is  made  to  fall  upon  a  polished 
ciSfelce*«ioIi  glass  surface,  at  an  angle  of  incidence  of  35^  25',  the  angle  of 
^  ^  "^^^  reflection  will  be  «qual  to  that  of  incidence.     Let  us  suppose 

^'  another  plate  of  glass  'so  placed  that  the  reflected  ray  will  fall 
upon  it  at  the  same  angle  of  35^  25' ;  this  second  plate  may  be 
turned  round  its  axis  without  varying  the  angle  which  it  makes 
with  the  ray  that  falls  upon  it.  A  very  curious  circumstance 
aunceofthe  IS  obscrvcd  as  this  second  glass  is  turned  round.  Suppose  the 
Md'i^UoD  .^^^  planes  of  reflection  to  be  parallel  to  each  other,  in  that  case 
«f  lifhu  the  ray  of  light  is  reflected  from  the  second  glass  in  the  same 
manner  as  from  the  first.  Let  the  second  glass  be  now  turned 
round  a  quadrant  of  a  circle,  so  as  to  make  the  reflecting  planes 
perpendicular  to  each  other :  now,  the  whole  of  the  ray  will 
pass  through  the  second  glass,  and  none  of  it  will  be  reflected. 
Turn  the  second  glass  round  another  quadrant  of  a  circle,  so  as 
to  make  the  reflecting  planes  again  parallel,  and  the  ray  will 
again  be  reflected.  When  the  second  glass  is  turned  round, 
three  quadrants,  the  light  will  be  again  transmitted,  and  none 
of  it  reflected.     Thus,  when  the  reflecting  planes  are  parallel^ 
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the  light  is  reflected)  but  wheo  they  are  perpendicular  the  light 
is  transmitted.  This  experiment  proves,  that,  under  certain 
circumstances,  light  can  penetrate  through  glass  when  in  one 
position,  but  not  io  another.  This  curious  fact  was  first  observ- 
ed by  Malus,  who  accounted  for  it  by  supposing  the  particles 
of  light  to  have  assumed  a  particular  position  as  a  needle  does 
when  under  the  influence  of  a  magnet,  and  hence  he  called  this  Poianintioa 
property  of  light,  its  Polarisaiion.*  It  has  since  been  studied  •^*'''*^ 
with  laborious  diligence  by  Dr  Brewster,  and  by  M.  M.  Arago 
and  fiiot.t 

180.  If  plates  of  mica,  and  certain  other  crystallized  sub- 
stances, be  placed  between  the  glasses  employed  in  the  above 
experiments,  so  that  the  reflected  rays  may  traverse  them  in 
passing  from  one  surface  to  the  other,  it  will  be  found  that  under 
certain  circumstances,  the  image  of  the  candle  will  remain  visi- 
We;  in  other  words,  the  light  will  be  depolarised  in  passing 
through  the  crystallized  medium.  Common  glass  is  generally 
incapable  of  depolarising  the  ray,  but  it  acquires  the  depolarising 
power  when  submitted  to  pressure,  or  heated,  or  when  it  has 
been  heated  and  very  suddenly  cooled  ;  the  influence  of  its 
particles  upon  those  of  light  becoming  then  analogous  to  crys- 
tallized bodies. 

•  181.  That  a  sunbeam,  in  passing  through  a  dense  medium, 
and  especially  through  a  triangular  prism  of  glass,  gives  rise  to 
a  scries  of  brilliant  tints  similar  to  those  of  the  rainbow,  was 
known  in  the  earliest  ages,  but  it  required  the  sagacity  of  New- 
ton to  develope  the  cause  of  the  phenomenon.  He  proved,  that 
light  consists  of  rays  difiering  from  each  other  in  their  relative  rHonatM 
refrangibilities ;  and,  guided  by  their  colour  considered  their  **'*"^*- 
number  as  seven :  red,  orange,  yellow,  green,  blue,  indigo,  and 
violet.j:  If  the  prismatic  colours,  or  spectrum,  be  divided  into 
360  equal  parts,  the  red  rays  will  occupy  45  of  these  parts,  the 
orange  27,  the  yellow  48,  the  green  60,  the  blue  60,  the  indigo 
40,  and  the  violet  80.     Of  these  rays  the  red  being  least  refrangi-  , 

ble,  fall  nearest  that  spot  which  they  would  have  passed  to,  had 
they  not  been  refracted  ;  while  the  violet  rays  being  most 
refrangible,  are  thrown  to  the  greatest  ciistance;  the  intermediate 
rays,  possess  mean  degrees  of  refrangibility. 

182.  These  difierently  coloured  rays,  are  not  susceptible  of 
further  decomposition,  by  any  number  of  refractions,  but  when 
they  are  collected  into  a  focus  they  reproduce  white  light.  Up-  Newton*! 
on  these  phenomena  is  founded  the  Newtonian  Mcory  of  cofoi/r«,  {SJS?®' 
iivhich  supposes  them  to  depend  upon  the  absorption  of  all  rays, 
excepting  those  of  the  colour  observed.  Thus  green  bodies 
r-eflect  the  green  rays  and  absorb  the  others.     All  the  rays  are 

■  _ . -_^ . _^ . ^^ 

*  See  FSeeh«r*i  EUment*  of  Jfatwral  PkUctapkft  page  SUb    Tbomaon*!  Syrfcm,  1.  p.  16. 
t  na.  TVoM.  1813, 1814, 1815, 1816, 1817.~ySiMaXe*  de  Ckimu,  ton.  94.    TraiU  d$  Pkftique> 
%  Dr  WoUmUmi  ibaiid,  however,  tbat  when  a  beam  of  light  only  ^*^tb  of  an  inch  broad  i«  received 
ky  the  efe,  at  the  dietaaea  of  ton  feet,  througb  a  clear  priam  tof  Hint  glea»,  only  four  coloart  are  eacn 
lad^  yaDowkh  gfaco,  blue,  aii4  violet. 
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reflected  by  white  bodies,  and  absorbed  by  those  which  are 
black. 

183.  If  a  solar  beam  be  refracted  by  a  prisniy  and  the  coloured 
image  received  upon  a  sheet  of  paper  it  will  be  found,  on  mov- 
ing the  hand  gently  through  it,  that  there  is  an  evident  increase 
of  temperature  towards  the  red  ray.     This  fact  seems  to  have 
been  first  noticed  by  Dr  Button,*  but  it  is  to  Dr  Herschelt  that 
Relative  torn,  wc  are  indebted  for  a  full  investigation  of  the  subject.     If  the 
t^'^prtun^tic  coloured  rays  be  thrown  successively  upon  delicate  thermome- 
^^*'  ters,  it  will  be  found,  that  if  the  heating  power  of  the  violet 

rays  be  considered  =  16,  that  of  the  green  rays  will  be  =  ^6, 
and  of  the  red  =  55.     These  circumstances  suggested  the  possi- 
bility of  the  heating  power  of  the  spectrum  extending  beyond 
the  red  ray ;  and  on  applying  a  thermometer  just  out  of  the  red 
ray,  and  beyond  the  limits  of  the  visible  spectrum,  this  was 
Calorific,  and  found  to  be  the  case.     A  thermometer,  in  the  red  ray  rose  7^  in 
•eparated  by  tcu  mmutes,  but  just  bevond  the  red  ray  the  rise  was  =  9^.     It 
thei.TiaiD.      j^  evident,  therefore,  that,  independent  of  the  illuminating  rays, 
there  are  others  which  produce  increase  of  temperature,  and 
these  from  their  increase  towards  the  red  ray,  and  from  the  spot 
which  they  principally  occupy  in  the  refracted  congeries,  are 
possessed  of  less  refrangibility  than  the  visible  rays. 
Maximum  of      Dr  Herschel's  experiments  were  repeated,  with  nearly  similar 
UX'S"   results,  by  Sir  H.  Englefield,  in  1802,  and  by  Mr  Berard,  in 
J3™jy<>f'*»«  1813,t  who  found  the  maximum  of  heat  to  exist  just  at  the 
extremity  of  the  red  ray.     Considerable  differences  in  the 
results  of  experiments  of  this  kind  are,  according  to  DrSeebeck 
produced  by  the  particular  nature  df  the  medium  by  which  the 
rays  of  light  are  decomposed.§ 
concentra-      ^^4.  That  thcso  calorific  rays  are  susceptible  of  refraction  and 
tion  of  theM  reflection,  is  proved  by  the  intense  heat  produced  when  the 
tomp«retunia.  ^^^^^  ^^^^  ^^^  Concentrated  into  a  focus  by  a  lens,  or  by  a  con- 
cave mirror. 
*Liciit  po«.      ^^^*  ^^^^  possesses  considerable  influence  over  the  chemical 
■MM  coDtidI  energies  of  bodies.     If  a  mixture  of  equal  volumes  of  the  gases 
!^  oTe?the  called  chlorine  and  hydrogen  be  exposed  in  a  dark  room,  they 
eii^'^b^  slowly  combine,  and  produce  muriatic  acid  gas;  but,  if  exposed' 
^««*  to  the  direct  rays  of  the  sun,  the  combination  is  very  rapid,  and 

often  accompanied  by  an  explosion. 

Chlorine  and  carbonic  oxide  have  scarcely  any  tendency  to 
combine,  even  at  high  temperatures,  when  light  is  excluded, 
but  exposed  to  the  solar  rays  they  enter  into  chemical  union. 
Chlorine  has  little  action  upon  water,  unless  exposed  to  light; 
and,  in  that  case,  the  water,  which  consists  of  oxvgen  and  hy- 
drogen, is  decomposed.  The  hydrogen  unites  witli  the  chlorine 
to  produce  muriatic  acid,  and  the  oxygen  is  evolved  in  a  gaseous 
form. 


•  DuurUtUn  on  Light  aniBcttt  p.  39.  t  PhO-  TVmm.  1800. 

}  TiioiBMn*!  JSnMlt,  it.  103.  $  4im.  «f  Phil,  N.  8. 8, 89^ 
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186.  These,  and  numeroas  other  similar  cases  which  might  prodaeeM 
be  adduced,  show  that  radiant  matter  influences  the  chemical  ^^^^^* 
energies  of  bodies,  independentof  its  heating  powers.    Scheele* 

was  the  first  who  entered  upon  this  curious  investigation  ;  and 
many  important  facts  connected  with  it  have  been  more  latelj^ 
ascertained  by  Hitter,  Wollaston,  and  Davy.  Scheele  threw 
the  prismatic  spectrum  upon  a  sheet  of  paper,  moistened  with 
a  aoiution  of  nitrate  of  silver,  a  salt  quickly  decomposed  by  the 
agency  of  light  In  the  blue  and  violet  rays  the  silver  was  soon 
reduced,  producing  a  blackness  upon  the  paper,  but  in  the  red 
ray  scarcely  any  similar  effect  was  observed.  Wollaston  and 
Ritter  discovered  that  these  chemical  changes  were  most  rapidly 
e&cied  in  the  spaee  which  bounds  the  violet  ray,  and  which  is 
out  of  the  YisibkB  spectrum. 

187.  It  has  been  thns  ascertained,  that  the  solar  beams  arc  Divitionor 
jefirangible  into  three  distinct  kinds  of  rays ;  the  calorific^  or  rofnctuSf.  ^ 
heating  rays ;  the  luminous,  or  colarifiCf  rays,  which  produce 

vision  and  eolour ;  the  decompoHng  rays,  or  those  which  have 
a  tendency  to  interfere  with  the  chemical  constitution  of  bodies. 

In  the  prismatic  spectrum  these  three  sets  of  rays  are  imper-  ^^'^P^J^j[ 
fectly  separated,  and  arranged  according  to  their  respective  uio'ii!^ttiiiat!c 
jrefrangibilities.    The  heating  rays  are  the  least  refrangible,  the  'i^^''**^' 
eolorific  rays  are  possessed  of  more  refrangtbllity,  and  the  de- 
composiiig,  or,  as  some  have  called  them,  the  decasidizing  rays, 
are  the  most  refrangible. 

188.  Sir  H.  Davy  has  observed,  that  certain  metallic  oxides, 
when  exposed  to  the  yiolet  extremity  of  the  prismatic  spectrum, 
undergo  a  change  similar  to  that  which  would  have  been  pro- 
duced by  exposure  to  a  current  of  hydrogen  ;  and  that,  when 
exposed  to  the  red  rays  they  acquire  a  tendency  to  absorb 
oxygen.t    In  such  general  fusts,  he  traces  an  analogy  between  ^'^'^^^ 
the  eflects  of  the  solar  beam,  and  the  agencies  of  electricity.    In  feotTr the  m- 
the  Voltaic  circuit,  the  maximum  of  beat  is  at  the  positive  pole,  ii^t  ?^  eu^ 
wherf  the  power  of  combining  with  oxygen'  is  also  given  to  ^^^}^* 
bodies ;  the  agency  of  rendering  bodies  inflammable  is  exerted 

at  the  opposite  surface ;  and  similar  chemical  effects  are  pro- 
duced by  negative  electricity,  and  by  the  most  refrangible 
xaya ;  and  by  positive  electricity,  and  the  rays  which  are  least  ' 
refrangible. 

189.  The  more  reframrible  rays  of  lieht  possess  the  property  tiw  vioiei 
of  rendering  steel  or  iren  magnetic  Thrproperty  was  dis-  ^jILt^'.'T.. 
covered  by  Dr  Morichini  of  Rome ;  but  as  tbe  cxperin^t  did  gt]"^  ""J^.."' 
not  succeed  in  other  hands,  the  subject  was  involved  iV^ppie  wuepourity. 
degree  of  uncertainty.     The  fact,  however,  has  been^Stab- 

lished  by  Mrs  Somerville  of  London,  who  recently  gave  an 
account  of  her  researches  to  the  Royal  Society.  Sewing  needles 
were  rendered  magnetic  by  exposure  for  two  hours  to  the  violet 
ray ;  and  the  magnetic  property  was  communicated  in  a  still 


*  ExfmmnU  •nMrwU  Pir§^  p.  78, 4-«.  t  JSUmeat*  of  CJUmical  PhiUtopkif. 
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shorter  time,  when  the  violet  rays  were  concentrated  by  a  lens. 
The  indfgo  rays  possess  the  magnetizing  power  almost  to  the 
same  exlent  as  the  violet ;  and  the  blue  and  green  possess 
the  same  power,  though  in  a  less  .^degree.  It  is  wanting  in 
^he  orange,  yellow  and  red.  Needles  were  also  rendered  mag- 
netic by  the  sun's  rays,  transmitted  through  green  and  blue 
glass. 

190.  Professor  Leslie  has  constructed  an  instrumenti  called  a 
Photometer^  on  the  principle  that  light,  in  proportion  to  its 
absorption  produces  heat.  It  is  merely  a  very  delicate  and 
small  differential  thermometer,  enclosed  in  a  thin  and  pellucid 
glass  tube.  One  of  the  bulbs  is  of  black  glass,  which  when  the 
instrument  is  suddenly  exposed  to  light,  becoming  warmer  than 
the  clear  bulb  indicates  the  effect  by  the  depression  of  the  fluid.* 
From  the  experiments  of  Dr  Turner  and  Dr  Cbristison,t  this 
instrument  does  not  appear  to  be  applicable  to  lights  which 
differ  in  colour.  A  differential  thermometer  containing  the 
vslpour  of  ether,  may  also,  in  certain  experiments  be  advantage- 
ously used  as  a  Photometric  Thermometer.%  §  || 
Perfect  rr^  191.  lu  nature  the  influence  of  the  solar  rays  is  very  complex, 
and  the  growth,  colour,  flavour,  and  even  the  forms  of  many 
«^w  vegetables,  are  much  dependent  upon  them.  This  is  seen  in 
many  plants  which  are  protected  from  the  sun's  rays :  celery 
and  endive  are  thus  cultivated  with  the  view  of  rendering  them 
palatable  ;ir  and  plants  which  are  made  to  grow  in  a  room  inl* 
perfectly  illuminated,  alvrays  bend  towards  the  apertures  by 
which  the  sun's  rays  enter.  The  changes  too  which  vegetables 
effect  upon  the  circumambient  atmosphere  are  influenced  by  the 
same  cause. 

In  the  animal'Creation,  brilliancy  of  colour  and  gaudy  plumage 
belong  to  the  tropical  climates ;  more  sombrous  tints  distinguish 
the  polar  inhabitants ;  and  dull  colours  characterize  nocturnal 
animals,  and  those  who  chiefly  abide  below  the  surface. 

192.  There  are  many  substances  which,  when  heated  to  a 
certain  point,  become  luminous  without  undergoing  combustion, 
and  such  bodies  are  said  to  be  phosphorescent.  The  tempera- 
tures which  they  require  for  this  purpose  are  various ;  it  gene- 
rally commences  at  about  400^,  and  may  be  said  to  terminate  at 
the  lowest  visible  redness.  Some  varieties  of  phosphate  of 
lime,  of  fluor  spar,  of  bituminous  carbonate  of  lime,  of  marble^ 
and  sand,  and  certain  salts,  are  the  most  remarkable  bodies 
of  this  description.**  Their  luminous  property  may  be  best 
exMifbi'  by  scattering  them  in  coarse  powder  upon  an  iren 
pla^RaCed  nearly  to  redness.  Oil,  wax,  spermaceti,  and  but- 
ter, wAen  nearly  boiling,  are  also  luminous. 


Phrisnhowi- 
c«nt  Doilics. 


•  Leslie  od  ffeai,  p.  434.  '    f  E^in.  Philo§.  Jour,  ziii.  4.  t  Braode,  Phil.  Tramt.  l&ML 

^  A  new  photometer  has  been  described  by  Mr  Ritchie.    Bee  ^arUfif  Journal^  Vol.  19|  p^  9W. 
li  For  a  description  of  Count  Rumford*>  Photometer,  aee  PkiUt*  TriiM.  VoL  84^ 
IT  The  process  is  tenned  etiolation  or  blanchinf 
•*  Wedgwood,  Phil.  Trau.  Vol.  89L 
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193.  Another  class  of  phosphorescent  bodies  have  been  term-  soiarPboi- 
ed  solar  phosphoric  from  becoming  luminous  when  removed  i"*^* 
into  a  dark  room  after  having  been  exposed  to  the  sunshine.* 
Of  this  description  are  Canton's,  Baldwin's,  and  the  Bolognian  ^^^°**. 
phosphorus.     Canton's  phosphorus  is  prepared  thus  : — Calcine  *'*""^" 
oyster^hells  in  the  open  fire  for  half  aM  hour,  then  select  the 
whitest  and  largest  pieces  and  mix  them  with  one  third  their 
weight  of  flowers  of  sulphur,  pack  the  mixture  closely  into  a 
covered  crucible,  and  heat  it  to  redness  for  an  hour.     When 
the  whole  has  cooled,  select  the  whitest  pieces  for  use.t 

•  Baldwin's  phosphorus  is  prepared  by  heating  nitrate  of  lime  Baldwin** 
to  a  dull  red  heat,  so  as  to  form  it  into  a  compact  mass :  and  b^iM^phM- 
the  Bolognian  phosphorus,  discovered  by  Vincenzio  Cascariolo,  p^^"*^ 

a  shoemaker  of  Bologna,  is  made  by  reducing  compact  sulphate 
of  baryta  to  a  fine  powder,  which  is  formed  into  cakes  with 
mucilage,  and  these  are  heated  to  redness 4 

•  194.  Mr  B.  Wilson  has  also  made  a  variety  of  curious  experi-  ^viWi  ex- 
ments  on  solar  phosphori;  and,  he  has  discovered  the  simplest  ^''""*^"^' 
and  most  efiectual  of  these  bodies,  which  may  be  obtained  by 
dosely  observing  the   following  directions : — Take  the  most 
iaming  coals  ofi*  a  brisk  fire,  and  throw  in  some  thick  oyster- 
shells  ;  liien  replace  the  coals,  and  calcine  them  for  an  hour ;       * 
remove  them  carefully,  and,  when  cold,  it  will  be  found  that 

after  exposing  Uiem  for  a  few  minutes  to  the  light,  they  will 
glow  in  the  dark,  with  most  of  the  prismatic  colours.§ 

195.  A  third  set  of  bodies,  belonging  to  this  class,  are  those  anonumoni 
which  zre  spontaneously  phosphof^escent.    Such  are  especially,  p^o'i*^"- 
the  flesh  of  salt-water  fish  just  before  it  putrefies,  and  decayed 
wood.    The  gloW'tDorm^  and  the  lanitm-fiy^  are  also  lumin- 
ous when  alive;  and  the  hundred  legged  wornty  and  some 
others,  shine  brilliantly  when  irritated. || 

It  appears  from  the/experiments  of  Canton  and  of  Dr  Hulme,T 
that  sea-fish  become  luminous  in  about  twelve  hours  after  death, 
that  it  increases  till  putrefaction  is  evident,  and  that  it  then 
decreases.  Immersion  in  sea-water  does  not  afiect  this  luminous 
matter^  on  the  contrary,  the  brine  is  itself  rendered  luminous; 
but  it  is  extinguished  by  pure  water,  and  by  a  variety  of  sub- 
stances which  act  chemically  upon  the  animal  matter. 

196.  Percussion  and  friction  are  often  attended  by  theevolu-  Lf^bt  fron 
tion  of  light  as  when  flint  pebbles,  pieces  of  sugar,  and  other  t^c^IHi**"** 
substances,  are  struck  or  rubbed  together.     The  crystallization 

of  some  substances  as  benzoic  acid,  and  acetate  of  potassa  has 
been  found  to  be  attended  with  similar  phenomena*** 

197.  Frotii  experiments  in  which  air  has  been  intensely  GoMnmrtp*- 
heatedy  it  has  been  concluded  that  gaseous  matter  is  incapable  jllgl'u^^ 

*  Por  practicft]  direcUocM  for  obMrving  the  photphorwceoce  of  bodies,  loe  Faraday's  Chemeal 


t  J^JUL  Trms.  Vol.  SB.  t  Aikin'a  DUti^narf,  Art.  Pb»»phori, 

^  '^iVihoa  00  Fk09pikoriy  p.  SO.  ||  8oe  Bo9t.  Jour*  S.  101. 

^  FMA  Tramt.  Vols.  Us.  zc  aod  zoi.  **  Braw8l«r*a  Jntrnai,  3. 368. 
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of  becoming  luminous  ;  for,  though  the  temperature  of  air  be 
such  as  to  render  solid  bodies  white  hot,  it  does  not  itself  be- 
come visible.*  Flame,  however,  may,  in  general,  be  regarded 
as  luminous  gaseous  matter.  Hydrogen  gas,  probably,  fur- 
nishes the  purest  form  of  flame  which  can  be  exhibited  ;  for 
the  flames  of  bodies  w'lich  emit  much  light,  derive  that  power 
from  solid  matter  which  is  intensely  ignited  and  diffused 
through  them,  and  which,  in  ordinary  flames,  as  of  gas,  tallow, 
wax,  oil,  &c.  consists  of  ^nely  divided  charcoal. 

199.  The  intensity  of  the  heat  of  flames  which  are  but  little 
luminous,  as  of  hydrogen  gas,  spirit  of  wine,  &c.  may  be  shown 
by  introducing  into  them  some  fine  platinum  wire^  which  is 
instantly  rendered  white  hot  in  those  parts  where  the  combus- 
tion is  most  perfect.  It  is  even  intensely  ignited  in  the  current 
of  air  above  the  flame,  as  may  be  shown  by  holding  a  piece  of 
platinum  wire  over  the  chimney  of  an  Argand  lamp  fed  with 
spirit  of  wine  ;  the  high  temperature  of  this  current  is  also  ex- 
hibited by  the  common  expedient  of  lighting  paper  by  holding 
it  in  the  heated  air  which  rushes  out  of  a  common  lamp-glass. 

The  high  temperature  of  flame  is  further  proved  by  certaiR 
cases  of  combustion  without  flame.  Thus,  if  a  heated  wire  of 
platinum  be  introduced  into  any  inflammable  or  explo^iva 
mixture,  it  will  become  ignited^  and  continue  so  till  the  gas  is 
consumed  ;  but  inflammaiion  will,  in  most  cases,  only  take 
place  when  the  wire  becomes  white  hot 

This  experiinent  is  easil  j  made  by  pouring  a  MnaH  quantity  of  ether  into  the 
bottom  of  a  beer-glass,  and  holding  a  piece  of  heated  platiDuni  wire  a  little 
above  its  surface  ;  the  wire  becomes  red  hot,  but  does  not  inflame  the  vapour 
of  the  ether  till  it  acquires  an  intense  white  heat. 

The  same  fact  is  exhibited  by  putting  a  small  coil  of  platinum 
wire  round  the  wick  of  a  spirit  lamp,  fig.  34,  which,  when 
heated,  becomes  red  hot,  and  continues  so,  as  long  as  the  vapour 
of  the  spirit  is  supplied,  the  heat  never  becoming  sufficiently 
intense  to  produce  its  inflammation. 

200.  Such  being  the  nature  of  flame,  it  is  obvious,  that  if  we 
cool  it  by  any  means,  we  must  at  the  same  time  extinguish  it 
This  may  be  effected  by  causing  it  to  pass  through  fine  wire 
gauze,  which  is  an  excellent  conductor  and  radiator  of  heat, 
and  consequently  possessed  of  great  cooling  power. 

If  a  piece  of  fine  brass  or  iron  wire*gaaze  be  brought  down  upon  the  flame  of 
a  candle,  or  what  answers  better,  upon  an  inflamed  jet  of  oil  gas,  it  will,  as  it 
were,  cut  the  flame  in  half.  That  the  cool  gaseous  matter  patiea  tbrougii, 
may  be  shown  by  again  lighting  it  upon  tbejnpper  nirface. 

The  power,  therefore.,  of  a  metallic  tissue  thus  to  extinguish 
flame,  will  depend  upon  the  heat  required  to  produce  the  com- 
bustion, as  compared  with  that  acquired  by  the  tissue ;  and 
the  flame  of  the  most  inflammable  substances,  and  of  those  that 
produce  most  heat  in  combustion,  will  pass  through  a  metallic 
tissue  that  will  interrupt  the  flame  of  less  inflammable  substances. 


*  Wsdfwood,  PhU.  TVoK*.  1798. 
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or  ihote  that  produce  little  heat  in  combustion  ;  so  that  different 
flames  will  pass  through  at  different  degrees  of  temperature. 

501.  The  discovery  of  these  facts,  respecting  the  nature  and  J^*"**^ 
properties  of  iSame,  led  Sir  H.  Davy  to  apply  them  to  the  con-      *** 
struction  of  the  Miners*  safety  lamp^  which  will  be  explained 
under  the  article  Carburetted  hydrogen  gas* 

202.  The  phenomena  exhibited  by  phosphorescent  and  in-  ^J^^ 
candescent  bodies^  and  in  the  process  of  combustion,  have  some-  pho«|iiior«»- 
times  been  explained  upon  the  idea  that  the  light  and  heat  ««»~»^"»- 
'erolved,  were  previously  in  combination  with  the  substances, 
and  that  they  are  afterwards  merely  emitted,  in  consequence 
of  decomposition  ;  and  that  the  solar  phosphori  absorb  light 
and  again  give  it  out  unchanged.  Mr  Brande  and  others  con* 
Mder  it  more  probable  that  any  particles  violently  repelled  into 
spaee  may  become  radiant  matter,  than  that  it  should  consist 
of  a  specific  substance  :  thus  mechanical  action,  and  chemical 
ebaoges,  may  each  tend  to  the  emission  of  radiant  matter  ;  and 
incandescence  will  result  when  the  vibrations  which  heat  occa*- 
•ions  among  the  particles  of  bodies  are  of  such  violence  as  to 
4»u8e  their  repulsion  into  space»* 


Section  V.    Ekctridty, 

203,  Tn  term  electricity  is  derived  from  the  Greek  word  Eteetricaji«]^ 
OiixTf^f  amber ^  on  account  of  the  property  which*  this  sub-  *^***°®"'' 
stance  was  known  to  possess  of  attracting  light  substances 

when  rubbed.  If  a  piece  of  sealing-wax  and  of  dry  warm  flan- 
nel be  rubbed  against  each  other,  they  both  become  capable  of 
attracting  and  repelling  light  bodies.  A  dry  and  warm  sheet 
of  paper,  rubbed  with  India  rubber,  or  woollen,  or  a  tube  of 
glass  rubbed  upon  silk,  exhibit  the  same  phenomena.  In  these 
eaaits  the  bodies  are  said  to  be  electrically  excited  ;  and  when 
in  a  dark  room,  they  always  appear  luminous. 

204.  If  two  pith-balls  be  electrified  by  touching  them  with   ^ep-tow* 
the  sealing-wax  or  with  the  flannel,  they  repel  each  other  ;  but  uon/ 

if  one  pith-ball  be  electrified  by  the  wax,  and  the  other  by  the 
flannel,  they  attract  each  other.  The  same  applies  to  the  glass  . 
and  silk  :  it  shows  a  difference  in  the  electricities  of  the  differ^ 
ent  bodies,  and  the  experiment  leads  to  the  conclusion,  that 
bodies  similarly  electrified  repel  each  other,  but  that  tohen 
dissimilarly  electrified  they  attract  each  other. 

The  term  electrical  repulsion  is  here  used  merely  to  denote  »ei«w»- 
the  appearance  of  the  phenomenon,  the  separation  being  proba- 
bly referable  to  the  new  attractive  power  which  they  acquire^ 
vrhen  electrified,  for  the  air  and  other  surrounding  bodies. 

*  Bee  n»T7*a  EXemtntt^  1.  SIS,  4ce.— Murrsy'f  8f$tcmt  1. 570— Ure^i  i>ie<Mnery,  article  Calmi^^ 
m  Jtrntr-  Jpwr*  vol.  4. 13,  Ac. 
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If  one  ball  be  electrified  by  sealing-wax  rubbed  by  flannel, 
and  another  by  silk  rubbed  with  glass,  those  balls  will  repel 
each  other  ;  which  proves  that  the  electricity  of  the  silk  is  the 
same  as  that  of  the  sealing-wax.  But  if  one  ball  be  electrified 
by  the  sealing-wax  and  the  other  by  the  glass,  they  then  attract 
each  other,  showing  that  they  are  oppositely  electrified. 

205.  The  terms  vitreous  and  resinous  electricity  were  ap- 
plied to  these  two  phenomena.  According  to  Dufay  the  vitre- 
ous and  resinous  electricities  are  distinct ;  an  unexcited  body 
•contains  both  in  a  state  of  combination  or  neutralization,  and 
cannot,  therefore,  exhibit  any  electrical  attractions  or  repulsions. 
But  friction  disturbs  this  combination,  or  electric  equilibrium, 
c<>using  the  vitreous  electricity  to  accumulate  in  one  body  and 
the  resinous  in  the  other.  They  are  both  consequently .  in  ao 
excited  state,  and  continue  to  be  so  till  each  recovers  that  kind 
of  electricity  which  it  had  lost. 

A  different  explanation  was  proposed  by  Dr  Franklin,  which 
is  founded  on  the  supposition  that  there  is  only  one  kind  of 
electricity.  When  bodies  contain  their  natural  quantity  of  elec* 
tricity,  they  do  not  manifest  any  electrical  phenomena  ;  but 
they  are  excited  either  by  an  increase  or  diminution  ia  that 
quantity.  Thus  on  rubbing  a  piece  of  glass  with  a  woollea 
cloth,  the  electrical  condition  of  both  substances  is  disturbed  ; 
the  former  acquires  more,  the  other  less  tlian  its  natural  quan- 
tity. These  different  states  are  expressed  by  the  terms  pltis 
and  minus  or  positive  and  negative^  the  first  corresponding  to 
the  vitreous,  the  second  to  the  resinous  electricity  of  Dufay.* 

206.  The  substances  enumerated  in  the  following  table  be- 
come positively  electrified  when  rubbed  with  those  which  fol- 
Ipw  them  in  the  list,  but  with  those  which  precede  Uiem  they 
become  negatively  electrical.t 


Cat^s  ikiD. 
Poli&hed  glasf. 
Woollen  cloth. 
Feathera. 


Paper. 
Silk. 

Gum  lac. 
Rough  glass. 


Blectiouratpr. 


207.  Very  delicate  pith-balls,  or  strips  of  gold  leaf, 
are  usually  employed  in  ascertaining  the  presence  of 
electricity  ;  and,  by  the  way  in  which  their  divergence 
is  affected  by  glass  or  sealing-wax,  the  kind  or  state  of 
electricity  is  judged  of.     When  properly  suspended  or 
mounted  for  delicate  experiments,  they  form  an  elec- 
trometer or  electroscope.     For  this  purpose  the  slips  of 
sold  leaf  are  suspended  by  a  brass  cap  and  wire  in  a  glass  cylin- 
der ;  they  hang  in  contact  when  unelectrified  ;  but  when  elec- 
trified they  diverge. 
JJ^^o''*jj      208.  The  kind  of  electricity  by  which  the  gold  leaves  are 
kioci  of  eiec-  diverged  may  be  judged  of  by  approaching  the  cap  of  the  in- 
^^^^'         strument  with  a  stick  of  excited  sealing-wax  ;  if  it  be  negati've 


*  Af  writen  on  ehemwtiy  oontiaae  to  oae  the  tenni^fifCtve  and  iiv«tfO«,  they  are  here  reteiiMd. 
t  Bioti  TraiU  ic  Pkysifue*  torn.  u.  p.  ttO. 
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the  divergence  will  increase  ;  \^  positive^  the  leaves  will  col- 
lapse, upon  the  principle  of  the  mutual  annihilation  of  the 
Opposite  electricities^  or  that  bodies  similarly  electrified  repel 
each  other,  but  that  when  dissimilarly  electrified  they  become 
mutually  attractive.  (204.) 

309.  Some  bodies  suffer  electricity  to  pass  readily  along  condaMoi* 
their  surfaces,  and  are  called  conductors.  Others  only  receive  S^on^***^ 
it  upon  the  spot  touched,  and  are  called  imperfect  or  noncon^ 
ductoTs.  Tney  are  also  called  tnsulaiors*  The  metals  are 
all  conductors  ;  dry  air,  glass,  sulphur,  and  resins,  are  noncon- 
ductors. Water,  damp  wood,  spirit  of  wine,  damp  air,  and 
some  oils,  are  imperfect  conductors.  Eieouteity 

210.  Rarefied  air  admits  of  the  passage  of  electricity  3   so  5JJSd^'«r 
does  the  Torricellian  vacuum.  tvncaum-  ^ 

211.  There  appears  to  be  no  constant  relation  between  the  No  eontant 
state  of  bodies  and  their  conducting  powers  :    among  solids,  t!llera"tfa«* 
metals  are  conductors,  but  gums  and  resins  are  nonconductois  ;  JJi*ihi,>J^ 
among  liquids,  strong  alkaline,  acid,  and  saline  solutions,  are  ^^^^  if^' 
good  conductors  ;  pure  water  is  an  imperfect  conductor,  and 
oils  afe  nonconductors  ;  solid  wax  is  almost  a  nonconductor, 
but  when  melted,  a  good  one.     Conducting  powers  belong  to 

bodies  in  the  most  opposite  states  ;  thus  the  flame  of  alcohol, 
and  ice,  are  equally  good  conductors.!  Glass  is  a  nonconductor 
when  cold,  but  conducts  when  red-hot  ;  the  diamond  is  a  non- 
conductor, but  pure  and  well-burned  charcoal  is  among  the 
best  conductors. 

212.  There  are  many  mineral  substances  which  show  signs  of  2i^"£l 
electricity  when   heated,   as  the  tourmalin,  topaz,  diamond,  come  eiveut* 
lK>racite,  &c.  ;  and  in  these  bodies  the  different  surfaces  exhibit  h^atod."* 
different  electrical  states.} 

213.  When  an  electrical  machine  is  in  good  order,  and  the  ^^^'^^ 
atmosphere  dry,  it  produces  a  crackling  noise  when  the  plate  or  uamf^eiacui. 
cylinder  is  turned,  and  flashes  or  sparks  of  light  are  seen  upon  '^■■»«*»"^' 
various  parts  of  the  glass  passing  from  the  cushion  to  the  con- 
ductor ;  if  the  knuckle  be  held  near  the  conductor,  sparks  pass 

to  it  through  some  inches  of  air,  with  a  peculiar  noise,  and  ex- 
cite slightly  painful  sensation  in  the  part  upon  which  they  are 
received.     It  is  conjectured  that  the  cause  of  the  light  thus  per-  ^»ti^ 
ceived,  is  the  sudden  compression  of  the  air  or  medium  through  and 
whieh  the  electricity  passes,  and  it  is  always  probably  attended  hcm. 
by  a  proportionate  elevation  of  temperature,  as  is  shown  by  the 
power  of  the  spark  to  inflame  spirit  of  wine,  fulminating  silver, 
and  other  easily  inflammable  compounds. 


*  The  imnUmtUn  of  nibMaiic«t  Is  fiminaotiy  raqnired  in  electio-chemical  experimenta  ;  a  plata  of 
Is  th«  beat  aabaumce  lor  the  pofpoaa,  than  »  plate  of  Mria  or  wax,  or  in  tlMir  abaenoe,  a  plata  of 


t  Biot,  TMfd  4a  MfrifM,  torn.  11.  p.  913. 

t  For  a  daaeripcloa  of  Deetiieal  ■waehmea  and  •  mort  fall  aeoomit  of  ISoctrleityt  aaa  Cofufri^ft 
AWiiral  Pjktfaaa/i^f  vol.  S,  and  Fiaebar'a  SUunt9  ofJfait,  9kih»-  p  IM. 
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214.  Another  cause  of  excitement  is  proximity  to  an  elec- 
trified body,  which  has  a  tendency  to  induce  an  electrical  state 
opposite  to  its  own.  Thus  an  excited  stick  of  sealing-wax  at- 
tracts lis^ht  bodies  in  its  vicinity,  because,  being  itself  negative, 
it  occasions  them  to  be  positively  electrified.  If  an  insulated 
conductor  be  electrified,  and  an  uninsulated  conductor  be, op- 
posed to  it,  there  being  between  the  two  a  thin  stratum  of  air, 
glass,  or  other  nonconductor,  the  uninsulated  conductor,  under 
such  circumstances,  acquires  an  opposite  electrical  state  to  that 
of  the  originally  electrified  insulated  conductor.  In  this  case, 
the  uninsulated  body  is  electrified  hy  induction^  and  the  induced 
electricity  remains  evident,  until  an  explosion,  spark,  or  dis- 
charge happens,  when  the  opposite  electricities  annihilate  each 
other.  Induced  electricity  may  thus  be  exhibited  through  a 
long  series  of  insulated  conductors,  provided  the  last  of  the 
series  be  communicated  with  the  earth. 

7 hii^,  in  fig.  37,  A,  may  represent  the  positive  conductor  of  the  electrical 
machine  ;  6,  c,  and  i,  three  insulated  conductors,  placed  at  a  little  diatance 
Buitration.  from  each  other,  d  having  a  chain  touching  the  ground  ;  then  the  balls  1,  be* 
tng  positire,  will  attract  the  balls  2,  which  are  rendered  negative  bj  induction. 
Under  these  circumstances,  each  of  the  conductors  l>ecomes  polar,  and  the 
balls  3  are  positive,  while  4  are  negative,  5  positive,  6  negative,  &c. :  the  ceo* 
tral  points  of  the  conductors,  6  c  </,  are  neutral.  When  these  opposite  elec- 
trical states  have  arrived  at  a  certain  intensity,  tparks  pass  between  the  dif* 
ferent  conduclorrf,  and  the  electrical  phenomena  cease. 

215.  Upon  the  principle  of  induction  it  is,  that  the  accumu- 
lation of  electricity  in  the  Leyden phial  is  effected.  It  consists 
of  a  thin  glass  jar,  coated  internally  and  externally  with  tin  foil 
to  within  a  short  distance  of  its  mouth.  When  the  inner  surface 
is  rendered  positive  by  union  with  the  conductor  of  the  electri- 
cal machine,  the  exterior,  being  connected  with  the  ground, 
becomes  negative  by  induction.  When  the  inner  and  outer 
surfaces  are  united  by  a  conductor,  all  electrical  accumulation 
is  annihilated  by  a  powerful  spark,  and  the  two  opposite  states 
are  found  to  have  been  precisely  equivalent. 

If  the  communication  between  the  opposite  surfaces  of  the 
Leyden  phial  be  made  by  the  hands,  a  painful  jarring  sensation 
is  felt  at  the  joints  of  the  fingers,  the  elbows,  shoulders,  and 
chest,  Commonly  called  the  electrical  shock. 
£"den*^«n?^  216.  If  ouc  Loydcn  jar  be  insulated  with  its  internal  surface 
connected  with  the  positive  conductor,  another  jar  may  be 
charged  from  its  exterior  coating  ;  and  if  this  second  jar  be  in- 
sulated, a  third  may  be  charged  from  its  exterior  coating,  and 
so  on  for  any  number  of  jars,  provided  always  that  the  exterior 
coating  of  the  last  jar  be  connected  with  the  ground.  In  this 
case,  a  polar  arrangement,  similar  to  that  of  the  conductors  just 
described,  (214)  will  have  been  formed^  glass  being  the  medium 
of  induction  instead  of  air. 

BhniMtiOD.        Let  P,  fig.  43,  be  the  positive  conductor  oftbt  electrioal  maohine,  and  abc 

^  ^  three  insulated  Lejden  phials,  the  outer  coating  of  c  bdog  oonnected  with  th« 

grottod  ;  it  is  then  obvious,  that  there  will  be  the  aame  polar  state  ••  in  the- 
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condvotora  jmt  noticed  ;  Ihat  the  insides  of  tf,  fr,  and  e,  will  be  pofifiTne,  nnd 
the  ontiidei  nefnatWe  ;  and  that,  contequently,  on  removing  the  jurt-  from  each 
other,  tbej  will  all  be  similarly  charged,  and  that  if  the  three  inner  surfaces 
p  p  p  and  the  outer  sarraces  nnn  be  united,  the  whole  may  be  discharged  as 
one  jar. 

217.  The  operation  of  the  instrument  called  the  Eleciropho- 
rus  (or  bearer  of  electricity)  is  referable  to  the  phenomena  of 
iDdaction. 

The  ekctrophoruSy  fig.  41,  consists  oftwo  metallic  plates^  aa,  ^^-^ 
with  an  intervening  plate  of  resinous  matter,  6,  for  which  equal  £icc;ropbQ»> 
parts  of  shellac^  resin,  and  Venice  turpentine,  are  generally 
used,  the  mixture  being  carefully  melted  in  a  pipkin,  and  poured, 
whilst  liquid,  into  a  wooden  or  metal  hoop,  of  a  proper  size, 
placed  upon  a  polished  surface  of  glass  or  marble,  from  which 
it  easily  separates  when  cold  ;  it  should  be  about  half  an  inch 
thick,  and  the  smooth  surface  being  uppermost  the  lower  side 
should  be  covered  with  tin  foil^  or  attached  to  any  other  metallic 
plate ;  a  polished  brass  plate,  with  a  glass  handle  c  attached  to  it, 
is  then  placed  upon  the  upper  surface  of  the  resinous  plate,  and 
of  rather  smaller  diameter.  The  resin  is  then  to  be  excited 
with  a  piece  of  dry  fur,  and  the  instrument  will  be  found  to 
exhibit  the  following  phenomena  : 

Upon  raising  the  brass  plate  by  its  insulating  handle,  it  will 
be  found  very  feebly  electrical  ;  replace  it,  touch  it  with  the 
finger  and  again  lift  it  off  by  its  handle,  and  it  will  give  a  spark 
of  positive  electricity.  This  process  may  very  often  be  repeated  M«ie«fn«nf 
without  fresh  excitation,  which  circumstance,  as  well  as  the 
nature  of  the  electrical  charge,  shows  that  the  electricity  of  the 
moveable  brass  plate  is  not  directly  derived  from  the  resin^  but 
that  it  depends  upon  induction.* 

The  electrophorus  may  often  be  used  for  the  same  purpose  as  The  eieeiio- 
ibe  electrical  machine,  and  in  the  laboratory  it  furnishes  a  very  u'^ardectrie 
convenient  substitute  for  that  more  expensive  piece  of  apparatus.  ""^^^^'"^ 

S18.  Electricians  generally  employ  the  term  quantity  to  in-  ^^^^^^^If^ 
dicate  tjie  absolute  quantity  of  electric  power  in  any  body,  and  el^^rie^  ^ 
the  term  intensity  to  signify  its  power  of  passing  through  a  ^^^'* 
certain  stratum  of  air  or  other  ill-conducting  medium. 

If  we  suppose  a  charged  Leyden  phial  to  furnish  a  spaik,  nhisintioDk 
when  discharged,  of  one  inch  in  length,  we  should  find  that 
another  unchai^d  Leyden  phial,  the  inner  and  outer  coating  of 
ivhich  were  communicated  with  those  of  the  former,  would 
upon  the  same  quantity  of  electricity  being  thrown  in,  reduce 
the  leoeth  of  the  spark  to  half  an  inch  ;  here,  the  quantify  of 
electricity  remaining  the  same,  its  intensity  is  diminished  by 
one*half,  by  its  distribution  over  the  larger  surface. 


219.  The  power  of  the  Leyden  jar  is  proportioned  to  its  sur-  L^Jdl^njarin 


Power  of  the 
LeydtiD  jar  in 

face,  but  a  very  large  jar  is  inconvenient  and  difficult  to  procure  ;  g^JJ^'JH^.^ 

*  The  >MMt  ample  Mnodonm  tn  comtmeting  thin  niefol  initrument,  and  Tor  applying  electricity  ia 
Vto  IftborateiXi  will  be  Ibviid  io  Ftrtdey'i  Ckemictl  Jll€»»piiUiwiit  p.  436. 
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the  same  end  is  attained  by  arranging  sereral  jars,  so  that  by  a 
communication  existing  between  all  their  interior  coatings,  their 
exterior  being  also  united,  they  may  be  charged  and  discharged 

BMta^/T*      as  one  jar.     Such  a  combination  is  called  an  electrical  Battery^ 
and  is  useful  for  exhibiting  the  effect  of  accumulated  electricity. 

ItL^3i      '^^^  discharge  of  the  battery  is  attended  by  a  considerable 

report,  can    rcport,  and  if  it  be  passed  through  small  animals  it  instantly 

Mimauife.^  l^ills  them  ;   if  through  fine  metallic  wires,  they  are  ignited, 
melted,  and  burned  \  and  gunpowder,  cotton  sprinkled  with 

e^uMiM    powdered  resin,  and  a  variety  of  other  combustibles,  may  be 

^-        *    inflamed  by  the  same  means. 

220.  There  are  many  other  sources  of  electricity  than  those 

^tS»S^,  j^^t  noticed.     When  glass  is  rubbed  by  mercury,  it  becomes 
^  electrified,  and  this  is  the  cause  of  the  luminous  appearance 

observed  when  a  barometer  is  agitated  in  a  dark  room,  in  which 
case  flashes  of  light  are  seen  to  traverse  the  empty  part  of  the 
tube.  Even  the  friction  of  air  upon  glass  is  attended  by  elec- 
trical excitation  :  for  Mr  Wilson  found  that  by  blowing  upon  a 
dry  plate  of  glass  with  a  pair  of  bellows,  it  acquired  positive 
electricity.  Whenever  bodies  change  their  forms,  their  electri-* 
cal  states  are  also  altered.  Thus  during  the  congelation  of 
melted  resins  and  sulphur,  electricity  is  rendered  sensible.  It 
is  also  developed  during  various  natural  processes ;  as  evapora- 
tion and  the  condensation  of  vapour,  which  may  aid  in  account- 
ing for  certain  electrical  phenomena  of  the  atmosphere.     , 

Exp.  Place  ■  siDall  iron  oop,  betted  nearly  to  rednott,  over  en  eleetrometer,  on 

dropping  into  it  a  ainall  portion  of  water  reponr  will  bo  produced,  and  the 
leaves  of  the  electrometer  will  diver|^. 

Ei^Mnty  221.  Electricity  is  excited  by  the  contact  of  different  con- 
tMtofiM^'  ducting  bodies  with  each  other,  especially  when  two  dissimilar 
metals  are  employed.  When  a  plate  of  zinc  furnished  with  a 
elass  handle  is  brought  into  contact  with  one  of  copper  or  silver. 
It  is  found,  after  removal,  to  be  positively  electrical,  and  the 
silver  or  copper  is  left  in  the  opposite  state.  It  has  even  been 
found  that  two  discs  of  the  same  metal,  heated  to  difierent 
temperatures,  give  similar  results. 
OiiTtinm.  The  electricity  thus  developed  was  distinguished  as  Galvan- 
ism, from  the  circumstance  that  6alvani,aQ  Italian  physiologist, 
about  the  year  1789,  observed  the  first  striking  phenomenoB 
which  led  to  the  discovery^  He  observed  it  only  in  its  power 
of  affecting  the  animal  system.  It  was  found  that  if  the  nerve 
of  a  recently  killed  firog  was  attached  to  a  silver  probe,  and  a 
piece  of  zinc  was  brought  into  contact  with  the  muscles  of  the 
animal,  violent  contractions  would  be  produced  at  every  contact 
of  the  metals.  Exactly  the  same  effect  is  produced  by  an  elec- 
tric spark,  or  the  discharge  of  a  small  Leyden  phiaL 

The  following  experiment  produces  a  similar  effect. 

Place  a  piece  of  line  upon  tbe  tong ae,  and  a  pieoo  of  nlrer  nnder  if,  wbett« 
#Ter  tbe  projecting  edgca  of  tbaee  difoont  motale  are  nadt  to  tooob  a  pccolmv 
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taste  or  seimtioii  will  be  perceived,  and  if  the  pieces  are  large  the  contact  will 
■omefimet  be  accompanied  bjr  a  flash  of  light.* 

222.  From  these  and  similar  experiments  Galvani  concluded  ?^^"i> 
that  the  phenomena  were  owing  to  the  communication  of  elec- 
tricity generated  by  the  animal  system.     Volta  supposed  that  voita**. 
the  electricity  was  derived  from  the  action  exerted  between  the 
metal  and  the  moist  animal  fibre,  and  soon  discovered  that  it  is 
evolved  by  arrangements  wholly  unconnected  with  any  process 

of  vitality.  His  discovery  of  a  method  of  augmenting  the 
galvanic  energy  and  of  thus  enabling  us  to  investigate  its  effects 
with  more  precision,  has  acquired  for  this  form  of  electricity 
the  epithet  Voltaic. 

223.  When  dissimilar  metals  are  brought  into  contact  in  the 
manner  just  stated  (100)  the  most  oxidable  metal  is  always  posi- 
tjve,  in  relation  to  the  least  oxidable  metal,  which  is  negative ; 
ind  the  more  opposite  the  metals  in  these  respects,  the  greater 
the  electrical  excitation.  If  the  metals  be  placed  in  the  follow- 
ing order,  each  will  become  positive  by  the  contact  of  that  which 
precedes  it,  and  negative  by  the  contact  of  that  which  follows  / 
it;  and  the  greatest  effect  will  result  from  the  contact  of  the 
most  distant  metals. 

Flatioam. 

Gold. 

Silrer. 

Merenry. 

Copper. 

Iron. 

Tin. 

Lead. 

Zinc 

224.  In  these  cases  the  chemical  properties  of  the  metals  are  chemical  ae> 
observed  to  be  affected.  If  asilver  and  a  zinc  wire  bo-put  into  a  ^<>" .  ^^^^ 
wine  glass  full  of  dilute  sulphuric  acid,  the  zinc  wire  only  will  Sreiecuidty. 
evolve  gas  ;  but  upon  bringing  the  two  wires  in  contact  with 

each  other,  the  silver  will  also  copiously  produce  air  bubbles. 

225.  If  a  number  of  alternations  be  made  of  copper  or  silver  Electric 
leaf,  zinc  leaf,  and  thin  paper,  the  electricity  excited  by  the  ^*"°"' 

•n  X  C        ^^^^^^  of  the  metals  will  be  ren- 

^     I  -^  rZfc?    tiered   evident   to   the   common 

^nr  Vjr    electrometer.      A,  represents  a 

«^^  =^^    glass  tube,  in  which  are  regularly 

arranged  a  number  of  alternating 
plates  of  silver,  zinc  and  thin 
paper.  The  metallic  cap  B  is 
in  contact  with  the  silver  plate 
and  C  with  the  zinc  plate,  at  the 
respective  extremities  of  the  tube.  Upon  examining  the  elec- 
trometers, it  will  be  found  that  b  is  negatively  diverged  and  c 
positively. 

*  Adnurtafo  may  fa«  Ukao  of  thii  for  asMrUining  whether  a  gulMUuiee  be  a  oondnctor  of  electricity 
OT  not,  by  pladBf  the  enbitaiioe  between  the  two  metalj  before  making  the  conUet.  All  the  pute 
aetallie  bodiea,  and  all  combinatiom  of  them  with  each  otJiur,  conduct  electricity  lo  well  aa  to 
'    itftMa.   £o0Faihda7'fC««M..Vai^^.  408. 
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Troughs. 


226.  If  the  same  arrangement  be  made  with  paper  or  cloth 
moistened  with  brine,  or  a  weak  acid,  fig.  38,  it  will  be  found 
on  bringing  a  wire  communicating  with  the  last  copper  plate 
into  contact  with  the  first  zinc  plate,  that  a  spark  is  perceptible, 
and  also  a  slight  shock,  provided  the  number  of  alternations  be 
suflScionlly  numerous.     This  is  the  Voltaic  apparatus. 

227.  Several  modes  of  constructing  this  apparatus  hare  been 
adopted,  with  a  view  to  render  it  more  convenient  ot*  active. 
Sometimes  double  plates  of  copper  and  zinc  soldered  together, 
are  cemented  into  wooden  troughs  in  regular  order,  fig.  4Sf 
the  intervening  ceils  being  filled  with  water,  or  saline  or  acid 
solutions. 

228.  Another  form  consists  in  arraiyi;ing  a  row  of  glasses, 
containing  dilute  sulphuric  acid,  in  each  of  which  is  placed  a 
wire  or  plate  of  silver  or  copper  c,  and  one  of  zinc  z,  not  touching 
each  other,  but  so  connected  by  metallic  wires,  that  the  zinc  of 
the  first  cup  may  communicate  with  the  copper  of  the  second  ; 
the  zinc  of  the  second  with  the  copper  of  the  third,  and  so  on 
throughout  the  series,  as  represented  in  fig.  44. 

By  dipping  the  fingers  into  the  extreme  cups  a  shock  will 
be  felt ;  and  on  making  a  communication  between  them  by  a 
wire,  it  will  be  found  that  the  copper  plates  instantly  acquire 
the  power  of  decomposing  the  dilute  sulphuric  acid,  and  that 
the  chemical  action  of  the  zinc  is  much  augmented.  One 
advantage  of  this  arrangement  over  the  former  (227)  is,  that 
both  surfaces  of  the  metal  are  exposed ;  whereas  in  the  other, 
by  soldering  the  plates  together,  its  action  is  diminished. 

229.  In  fig.  55,  the  trough  a  is  made  of  earthenware,  with 
partitions  of  the  same  material,  and  the  metallic  plates  are 
attached  to  a  bar  of  wood,  so  that  they  can  foe  immersed  and 
removed  at  one  operation.  The  troughs  are  filled  with  dilute 
acid,*  and  by  uniting  them  in  regular  order,  the  apparatus  may 


*  A  mixture  of  proper  strongth  for  galvaDic  balteriea  is  obtained  by  addiof  two  parts  in  bulk  of  <m] 
of  vitriol  and  one  part  of  common  nitric  acid  to  100  parts  of  water,  the  whole  being  well  stirred  until 
nixed.  Its  power  shoald  in  all  cases  be  ascertained  before  it  is  poured  into  the  trough,  bj  dipping  a 
jriecc  of  clean  zinc  into  a  little  of  it  in  a  glass  and  observing  the  degree  of  action  exerted  upon  tbk 
metal*  A  stream  of  bubbles  should  be  disengaged  so  small  that  their  siie  can  hardly  bo  djstinguisbed 
by  the  naked  eye,  and  which*  as  they  rise  up  through  tlie  fluid,  should  be  carried  freely  in  different 
directions  by  ths  currents  in  the  fluid  itself.  If  the  action  be  so  strong  as  to  evolve  bubbles  of  a  cott- 
■iderabtc  rixe  nnd  in  rapid  succession,  the  aeid  must  be  diluted.  If,  little  or  no  action  ean  be  porceivodi 
acid  ranst  be  added. 

The  colls  of  tiie  trough  are  to  be  filled  to  within  half  an  inch  of  their  upper  edges;  when  the  plates 
aro  in  their  places  the  mixture  slv>uld  not  flow  from  one  cell  into  another. 

When  two  or  more  troughs  are  to  be  connected,  ihe  arrangement  should  first  be  examined  to  ascer- 
tain that  tiie  plat^  of  both  troughs  are  In  the  same  relative  position  and  order ;  when  that  is  the  cam 
they  may  be  connected,  and  considered  but  as  one  trough.  The  connexion  should  be  made  by  wide 
strips  of  copper  or  lead,  and  they  should  not  merely  entel'  the  two  oellf  containing  the  plates  to  be 
connected,  but  should  be  brought  into  firm  and  close  contact  with  tlie  plates,  so  that  a  good  metallie 
communication  may  exist  between  them. 

Whenever  a  junction  is  to  be  made  in  the  wires  coming  from  tlie  poles  of  a  battery,  it  should  be 
effected  by  a  sound  metallic  soldering  or  brazing.  If  the  junction  is  to  be  only  temporaiy,  it  is  ofiected 
by  bringing  the  cicrn  fturfacen  into  contact  and  retaining  them  so  by  pressure  or  otherwise.  Wires  rosy 
be  twisted  together,  their  surfaces  being  first  wellclcunod  and  brightened^  o»if  they  azo  atiiraiid  rigid 
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be  enlarged  to  any  extent.  It  is  thus  that  the  great  apparatus 
of  the  Royal  Institution  is  constructed. 

230.  When  from  500  to  1000  double  plates  are  thus  arranged 
and  rendered  active  by  immersion  into  a  liquid  consisting  of 
about  sixty  parts  of  water  with  one  of  nitric  and  one  of  sulphuric 
acid,  very  brilliant  effects  are  produced  when  the  opposite  poles 
are  properly  united  by  conductors.  Thus,  if  a  piece  of  charcoal 
united  with  the  nef^ative  wire  be  made  to  touch  another  piece 
united  with  the  positive  wire,  a  bright  spark  and  intense  ignition 
ensue,  and  by  slowly  withdrawing  the  points  from  each  other 
a  constant  current  of  electricity  takes  place  through  the  heated 
air,  producing  a  magnificent  arc  of  intense  light 

231.  When  the  metals  and  other  inflammable  bodies  are  oaWanie 
placed  in  this  arc  of  fire  they  burn  with  great  brilliancy,  and  ^hucoaL^'' 
those  which  are  most  difiicult  of  fusion  give  evidence  of  the  combiution 
intensity  of  the  heat  by  instantly  melting;  and  some  earthy  ^^l*®"**" 
and  other  bodies,  infusible  by  ordinary  methods,  are  liquefied  by 

the  same  means.  The  shock  is  painful  and  dangerous.  When 
the  communication  between  the  points  of  charcoal  is  made  in 
rarefied  air,  the  annihilation  of  the  opposite  electricities  takes 
place  at  some  inches  distance,  producing  a  stream  of  deep  purple 
light. 

232.  When  the  poles  of  the  Voltaic  apparatus  are  connected  Macnetbm. 
by  a  steel  wire,  it  acquires  magnetic  properties)  and  if  by  a  ffvin?,?^ 
platinum  or  other  metallic  wire,  that  wire  exhibits  numerous 
magnetic  poles,  which  attract  and  repel  the  common  magnetic 
needle.     This  very  curious  fact  was  first  observed  by  Professor 
Oersted,  of  Copenhagen.^ 

S33.  On  immersing  the  wires  from  the  extremes  of  this 
apparatus  into  water,  it  is  found  that  the  fluid  suffers  decompo-  Deeompui. 
sitioD,  and  that  oxygen  gas  is  liberated  at  the  positive  wire  or  tionofwatM 
pole,  and  hydrogen  gas  at  the  negative  pole. 

234.  One  of  the  first  discoveries  of  the  chemical  agency  of 
the  pile  was  its  power  of  decomposing  water.     Two  pieces  of  k^p- 
any  metallic  wires  are  thrust  through  separate  corks,  which  are 
fitted  into  the  open  ends  of  a  glass  tube  in  such  a  way,  that  the 


Ihey  ahonld  be  first  vlightly  twisted  together,  ind  then  bound  round  by  twenty  or  more  tumi  of  clean 
copper  wire  of  nnaHer  rise.  Either  in  twisting  or  in  binding  wires,  two  or  three  loose  turns  nnust 
never  be  eonrtdered  m  iolicieat,  bat  the  two  pleoes  most  be  so  twisted  or  bound  together,  as  to  have 
Ihe  ■t<»sdinfiss  of  one  piece. 

When  a  jooetion  is  to  be  made  and  broken  again  frequently,  as  happens  in  many  experiments,  it 
Aould  be  done  at  one  place  only  in  the  metallic  communication ;  (bo  points  of  contact  ifaould  be 
parfeetly  dean  and  the  contact  insured  by  firm  pressure. 

Itisoilao  oaeful  to  amalgamale  the  surfaces  of  the  ends,  or  places  of  contuct,  of -the  wires,  for 
thso,  if  they  be  oaoistsned  with  a  little  mercury,  the  fluid  metal  causes  a  porfect  contact,  the  moment 
they  afo  connected  together.  Clean  copper  wires  are  readily  amalgumatod  by  washing  them  with« 
Bolutioa  of  nitrate  of  mercury,  then  washing  them  in  water  and  aAerwards  dipping  them  in  mercury. 
Hw  amalgamated  aoifhioes  will  be  leas  liable  to  oaidato  and  become  foul,  if  a  Uttlu  tallow  and  metallic 
laeifmj  be  well  rubbed  on  them  by  means  of  leather*  A  cop  of  morcury  forms  a  conveollDt  metallic 
eommnnicaUon  into  which  the  amalgamated  wires  may  be  dipped. — Faraday's  Chemical  Manijndur 
CiM,  Beet.  zrii. 

'  For  a  f«li  Mcmut  of  EtoctrO'iingnvUiin,  see  Ctmh  JVaC  PhiUt'  Vol.  M. 
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extremities  of  the  wires  when  the  corks  are  in  their  places,  may 
not  be  in  contact,  but  may  be  at  the  distance  from  each  other 

^^  of  about  a  quarter  of  an  inch  (see  fig.  46,  a.)     If  the  parts  of  the 

wit*e  which  project  from  without  the  tube,  be  made  to  commu* 
nicate,  the  one  with  the  zinc  or  positive  end,  and  the  other  with 
the  copper  or  negative  end,  of  a  galvanic  battery,  a  remarkable 
appearance  takes  place.  The  wire,  connected  with  the  zinc  or 
positive  end  of  the  pile  or  trough,  where  it  is  in  con(act  with 
the  water,  if  of  an  oxidable  metal^  is  rapidly  oxidized  ;  while, 
from  the  negative  wire  a  stream  of  small  bubbtes  of  gas  arises 
(232.)  But  if  the  wires  employed  be  of  a  metal  which  is  not 
susceptible  of  oxidation,  such  as  gold  or  platinum,  gas  is  then 
extricated  from  both  wires,  and,  by  a  simple  contrivance,  may 
be  separately  collected.     An  apparatus  for  this  purpose  is  shown 

n.  s.  }^y  gg^  51^  where  the  wires  p  and  n,  instead  of  being  introduced 

into  a  straight  tube,  are  inclosed  in  a  syphon,  and  terminate 
before  they  reach  the  end,  in  which  a  small  hole  is  to  be  ground. 
When  a  stream  of  voltaic  electricity  is  made  to  act  upon  water 
thus  confined,  oxygen  gas  is  found,  at  the  close  of  the  experi- 
ment, in  the  leg  connected  with  the  positive  end  of  the  battery 
and  hydrogen  gas  in  that  connected  with  the  negative  end  ;  and 
in  the  proportions,  which,  by  their  union,  compose  water.  At 
aft  early  period  of  the  inquiry,  it  was  found,  however,  by  Mr 
Cruickshank,'  that  the  water  surrounding  the  positive  wire 
became  impregnated  with  a  little  acid;  and  that  around  the 
negative  wire  with  a  little  alkali.  Iff  instead  of  water,  we 
employ  a  metallic  solution,  the  metal  is  revived  round  the  nega* 
tive  wire  n,  and  no  hydrogen  gas  is  liberated. 

235.  The  gases  constituting  water,  it  was  afterwards  discov- 
ered by  Sir  H.  Davy,  may  be  separately  produced  from  two 
quantities  of  water  not  immediately  in  contact  with  each  other. 

SLnf^^'ox^  The  fact  is  of  peculiar  importance  from  its  resemblance  to  other 

(en^'Sid^hy-  moro  roccut  ones,  which  have  led  that  distinguished  philosopher 

^^  ^^  to  the  discovery  of  the  general  laws  of  electro-chemical  action. 

p,  g,  "*  Two  glass  tubes,  {p  snd  n,  fig.  45,)  about  one-third  of  an  inch 
in  diameter  and  four  inches  long,  having  each  a  piece  of  gold 
wire  sealed  hermetically  into  one  end  and  the  other  end  open, 
were  filled  with  distilled  water,  and  placed,  inverted  in  separate 

Bzp.  glasses,  filled,  also,  with  that  fluid.    The  two  glasses,  a  and  b, 

were  made  to  communicate,  either  by  dipping  the  fingers  of  the 
right  hand  into  one  glass,  and  those  of  the  left  into  the  other, 
or  by  interposing  fresh  animal  muscle,  or  a  living  vegetable,  or 
even  moistened  thread,  as  shown  at  c.  The  gold  wires,  pro- 
jecting from  the  sealed  ends  of  these  tubes,  were  then  connected, 
the  one  with  the  positive,  the  other  with  the  negative  end  of 
the  trough.  Gas  was  immediately  evolved  from  both  wires. 
At  the  close  of  the  experiment,  in  the  tube  p,  oxygen  gas  was 
found  T  in  the  negative  tube  n,  hydrogen.  The  proportions  by 
measure  were,  as  nearly  as  possible,  those  which  result  from  the 
decomposition  of  water,  viz.  two  of  hydrogen  to  one  of  oxygea 
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gas.  Now  if  these  gases  arose,  as  they  necessarily  must,  from 
the  decomposition  of  the  same  portion  of  water,  that  portion  of 
water  must  have  been  contained  either  in  the  tube  p  or  in  the 
tube  n.  In  the  former  case,  the  hydrogen  gas,  found  after  the 
process  in  n,  must  have  passed  invisibly  from  p  to  n,  through 
the  intermediate  substance  e.  Or,  if  the  water  was  decomposed 
in  n,  then  the  reverse  process  must  have  happened  with  respect 
to  the  oxygen ;  and  it  must  have  been  transmitted,  in  a  like 
imperceptible  manner,  from  n  top.  Fact»of  this  kind,  evinc- 
ing the  transference  of  the  elements  of  a  combination,  to  a  con- 
siderable distance,  through  intervening  substances,  and  in  a 
form  that  escapes  the  cognizance  of  our  senses,  however  astonish- 
ing, it  will  appear  from  the  sequel,  are  sufficiently  numerous  and 
well  established.  It  appears,  also,  from  the  experiments  of 
Mr  Porrett,  that  water  may  be  forced,  contrary  to  its  gravity, 
through  the  compact  substance  of  a  bladder,  from  the  positive 
to  the  negative  wire  of  a  galvanic  battery,  composed  of  plates 
only  li  inch  square.     H.  1.  177. 

236.  All  other  substances  are  decomposed  with  similar  phe-  Combiut»>i« 
somena,  the  inflammable  element  being  disengaged  at  the  nega-  jl^^STiMfaS^ 
tively  electrical  surface;    hence  it  would   appear,  upon   the  •*''^*p**** 
principle  of  similarly  electrified  bodies  repelling  each  other,  and 
dissimilarly  electrified  bodies  attracting  each  other,  (204)  that  Expiaoation; 
the  inherent  or  natural  electrical  state  of  the  inflammable  sub- 
stances is  posiiivej  for  they  are  attracted   by  the  negative  or 
oppositely  electrified  pole ;  while  the  bodies,  sometimes  called 
supporters  of  combustion,  or  acidifying  principles,  are  attracted 

by  the  positive  pole,  and,  therefore,  may  be  considered  as  pos- 
sessed of  the  negative  power. 

237.  When  bodies  are  thus  under  the  influence  of  electrical  cbemicai 
decomposition,  their  usual  chemical  energies  are  suspended,  and  Mroyed^bj 
some  very  curious  phenomena  are  observed,  which  may  be  s^^^^^^i™' 
illustrated  by  the  following  experiments. 

Fill  the  glass  tubes  a  a,  fig.  40,  which  are  closed  at  top  and  pi.s, 

open  at  bottom,  with  infusion  of  violets,  or  red  cabbage,  and  ^^ 

invert  them  in  the  basins  66,  containing  a  solution  of  Glauber's 

salt,  and  connected  by  the  glass  tube  c,  also  containing  the  blue 

infusion  ;  J9^nd  n  are  platinum  wires,  which  pass  inio  the  tubes 

nearly  to  the  bottom,  and  which  are  to  be  connected  with  the 

positive  and  negative  extremities  of  the  Voltaic  apparatus.     It 

'will  be  found  that  oxygen  is  evolved  at  the  wire  /»,  and  hydro- 

^o  at  n,  derived  from  the  decompositon  of  the  water.     The 

Glauber's  salt,  which  consists  of  sulphuric  acid  and  soda,  will 

also  be  decomposed  ;  and  the  blue  liquor  will  be  rendered  red 

in  the  positive  vessel,  by  the  accumulation  of  sulphuric  acid, 

aod  green  in  the  negative,  by  the  soda,  while  the  acid  and  alkali 

-will  each  traverse  the  tube  c  without  uniting,  in  consequence^ 

of  being  under  the  influence  of  electrical  attraction. 

238.  The  most  difficultly  decomposable  compounds  may  be 
Ibiis    resolved  into   their  component  parts  by  the   electrical 

10 
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agency ;  by  a  weak  power  the  proximate  elements  are  separated^ 

and  by  a  stronger  power  these  are  resolved  into  their  ultimate 

constituents. 
SiTpomid*         ^39.  Different  chemical  compounds  require,  for  the  disunion 
ein'^SIJ ''****""  ®^  their  elements  galvanic  arrangements  of  various  powers,  and 
raenti.  intensities'.     The  decomposition  of  water  is  easily  effected  by  a 

series  of  fifty  pairs  of  plates,  each,  one  or  two  inches  square. 

But   for  some   other   decompositions,  instruments  of  greater 

power  are  required.  • 

rimeJti  **^      ^'*^'  '^^^  apparatus  employed  by  Sir  H.  Davy  was  extremely 
simple.     Where  liquid  substances  were  to  be  operated  upon, 
'^'  he  employed  occasionally  agate  and  gold  cups,/?,  n,  fig.  S^^  each 

of  which  was  capable  of  holding  about  60  grains  of  water. 
These  were  connected  by  fibres  of  amianthus,  a  and  into  each 
was  inserted  a  platinum  wire.     The  wires  were  connected  with 
the  two  extremities  of  a  powerful  galvanic  series. 
*  241.  Solid  bodies  were  submitted  to  the  galvanic  influence^ 

either  by  immersing  small  pieces  of  them  in  gold  cones,  /?,  n^ 
***-^  fig.  57;  or,  at  other  times,  by  making  cups  of  the  substance 

intended  to  be  decomposed.     Or  if  it  was  desirable  to  preserve 
them  from  contact  with  water,  they  were  laid  on  a  small  insa« 
latcd  dish  of  platinum,  with  the   inferior  surface  of  which, 
immediately  under  the  substance  used,  a  wire  from  one  end  of 
the  battery  was  connected,  while  the  substance  itself  was  made 
to  communicate  by  another  wire,  with  the  opposite  extremity 
of  the  apparatus. 
On  MiQtions.      ^^^'  When  the  gold  cones  were  both  filled  with  a  solution  of 
sulphate  of  potassa  (a  salt  composed  of  potassa  and  sulphurie 
acid,)  after  exposure,  during  a  sufficient  time,  to  a  powerful 
galvanic  arrangement,  pure  potassa  was  found  in  the  negative 
cup,  and  sulphuric  acid  in  the  positive.     The  decomposition 
was  quite  complete,  no  acid  being  found  in  one  cone,  and  no 
alkali  in  the  other. 

The  experiment  was  repeated  with  several  other  neutral  salts, 
and  with  the  invariable  result,  that  the  acid  collected  in  the 
positive  cone,  and  the  alkali  in  the  negative  one. 
Decoropofi.  243.  Salts  which  are  either  insoluble,  or  very  sparingly  solu- 
wrbodtei?*"*  ble  in  water,  had  their  elements  disunited  in  the  following 
manner.  Cups  were  constructed  of  them,  which  were  filled 
with  water,  and  connected  by  platinum  wires  with  the  opposite 
ends  of  a  galvanic  battery,'  the  vessels  themselves  communi- 
cating as  before,  by  means  of  moistened  amianthus.  At  the 
conclusion  of  the  experiment  sulphuric  acid  (when  the  cups 
were  made  of  sulphate  of  lime)  was  found  in  the  positive  cup, 
and  lime  water  in  the  negative  one.  Sulphate  of  strontia,  fluate 
of  lime,  and  sulphate  of  baryta,  were  decomposed,  though  less 
easily,  by  the  same  expedient.  In  all  these  cases  the  acid  ele- 
ment was  found  at  the  positive  side^  and  the  earthy  odo  at  the 
negative  side>  of  the  arrangement. 
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244.  These  facts  evidently  point  out  a  transference  of  the  Tramferof 
elements  of  combination  from  one  electrified  vessel,  or  surface,    "    "•°*' 
to  another  differently  electrified.     The  principle  may  be  made 
much  more  apparent  by  a  little  variation  of  the  experiment. 

Thus,  if  solution  of  sulphate  of  potassa  be  electrified  in  the 
positive  cupp,  fig.  56,  water  alone  being  contained  in  n,  after  n.  a. 
a  sufficient  continuance  of  the  electrical  action,  p  will  be  found 
to  contain  diluted  sulphuric  acid,  and  the  potassa  will  be  dis-  ^^.^  ^  ^^ 
covered  in  the  water  of  n.     The  alkali  n\ust  necessarily,  there-  iivo,  aikaiiw 
fore,  have  passed,  in  an  imperceptible  form,aIona;  the  connecting  "*'*''*» 
amianthus  a,  from  the  vessel />  to  the  vessel  n.     Reversing  the 
experiment,  and  filbn^  n  with  solution  of  sidphate  of  potassa, 
the  alkali  remains  in  this  cup ;  and  the  acid  is  transferred  to  the 
opposite  side  p.     In  one  experiment,  in  which  nitrate  of  silver 
was  placed  in  the  positive  cup,  and  pure  water  in  the  negative 
one,  the  whole  of  the  connecting  amianthus  was  covered  with 
revived  silver. 

245.  In  the  farther  prosecution  of  the  inquiry,  Sir  H.  Davy 
succeeded  in  discovering  a  still  more  extraordinary  series  of 
facts*.     When  an  intermediate  vessel  (»,  fig.  47)  was  placed  be-  pi.  j. 
tween  the  positive  and  negative  cups /?  and  n,  and  was  connect-   ^^^^^^^  ^ 
ed  with  both  of  them  by  moistened  amianthus,  it  was  found,  that  an  inu^nncdi- 
acids  may  actually  be  made  to  pass  from  n  to  p,  through  the  *'*  •«**'*''"» 
intermediate  solution  in  t,  without  combining  with  it.     Thus  Exp. 
solution  of  sulphate  of  potassa  being  put  into  the  negative  cup  n, 
solution  of  pure  ammonia  into  t,  and  pure  water  into  p  ;  in  half 
an  hour,  sulphuric  acid  was  found  in  the  water  of  the  positive 
eup,  to  have  reached  which  it  must  have  been  transferred  from 
n  through   the  intermediate  solution  of  ammonia.     Muriatic 
acid,  also,  from  muriate  of  soda,  and  nitric  acid  from  nitrate  of 
potassa,  were  transferred  from  the  negative  to  the  positive  side 
through  an  interposed  solution  of  alkali.     And   contrariwise, 
alkalies  and  metallic  oxides  were  transmitted  from  the  positive 
to  the  negative  side,  through  intervening  solutions  of  acids. 

It  is  necessary,  however,  that  the  solution,  contained  in  the  Circam- 
intermediate  vessel  i,  should  not  be  capable  of  forming  an  inso-  luendedto. 
luble  compound  with  the  substance  intended  to  be  transmitted 
through  it.  Thus  sulphuric  acid,  in  its  passage,  from  sulphate 
of  potassa  in  the  negative  cup,  through  the  vessel  i  containing 
a  solution  of  pure  baryta,  is  detained  by  the  baryta,  and  falls 
down  in  the  state  of  an  insoluble  compound  with  that  earth. 

246.  Bodies,  the  composition  of  which  is  considerably  more  DMompod- 
complicated,  are,  also,  decomposed  by  voltaic  electricity.  Thus,  tjonof  mina^ 
from  certain  minerals,  containing  acid  and  alkaline  matter  in 
only  very  minute  proportion,  these  ingredients  are  separately 
developed.  Basalt,  for  example,  (a  kind  of  stone,  which,  in 
100  grains,  contains  only  3^  grains  of  soda  and  half  a  grain  of 
muriatic  acid,)  gave,  at  the  end  of  ten  hours,  evident  tracea 
of  alkali  round  the  negative,  and  of  acid  round  the  positive 
wire.     A  slip  of  glass,  also,  negatively  electrified  in  one  of  or  «!•«•• 
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the  gold  cones,  had  soda  detached  from  it,  and  sustained  a  loss 
of  weight. 

Mi?^der?ved       ^^^'  '^  ^^^  "^^  ^®  undcFstood,  why,  by  the  agency  of  gal- 
from  the  im-  vanism  on  water,  alkali  appears  at  the  negative  and  acid  at  th^ 
pontiei  o     positive  wire.     The  fact  was,  for  some  time,  not  a  little  per- 
plexing to  Sir  H.  Davy  ;  till,  at  length,  he  ascertained,  that  all 
water,  however  carefully  distilled,  contains  neutral  salts  in  % 
state  of  solution.     From  these  impurities,  the  alkaline  and  acid 
elements  are  separated,  agreeably  to  a  law  which  has  already 
been  explained.     In  the  same  way,  also,  the  muriatic  acid  and 
alkali  are  accounted  for,  which  some  chemists  have  obtained  by 
galvanizing  what  was  before  considered  as  pure  water ;  a  fact 
which  has  been  urged  in  proof  of  the  synthetical  production  of 
both  those  bodies.     Absolutely  pure  water,  it  has  been  demon* 
strated  by  Sir  H.  Davy,  yields  nothing  but  hydrogen  and  oxy* 
gen  gasps. 
feiSi"oVOTdi-      ^^®*  All  the  effects  of  galvanic  arrangements,  in  producing 
naryeiectrici-  chemical  decompositions,  it  has  been  found,  may  be  obtained 
^'  by  ordinary  electricity.     Its  adaption  to  this  purpose  was  first 

successfully  attempted  by  Dr  Wollaston.*    The  apparatus,  which 
*  ^  he  employed,  was  similar  to  that  already  represented,  fig.  46,  a, 

excepting  that  the  wires  instead  of  being  exposed  to  th^  fluid, 
contained  in  the  tube,  throughout  their  whole  Jength,  were 
covered  with  wax,  and  the  points  only  were  laid  bare.  Or 
(what  was  found  to  answer  still  better)  the  wires  wera  en- 
closed in  capillary  tubes,  which  were  sealed  at  their  extremi-* 
ties,  and  then  ground  away,  till  the  points  alone  were  exposed* 
The  conducting  wires,  thus  arranged,  were  then  introduced 
into  a  tube,  or  other  vessel  containing  the  liquid  to  be  operated 
on,  and  were  connected,  the  one  with  the  positive,  the  other 
with  the  negative,  conductor  of  an  electrical  machine,  disposed 
for  positive  and  negative  electricity.!  When  solution  of  sul- 
phate of  copper  was  thus  electrized,  the  metal  was  revived 
round  the  negative  pole.  On  reversing  the  apparatus,  the  cop- 
per was  re-dissolved,  and  appeared  again  at  the  other  wire,  now 
rendered  negative. 

When  gold  wires,  from  i^f^  to  ysits  ^^  ^^  ^"C^  ^^  diameter, 
thus  enclosed,  were  made  to  transmit  electricity,  a  succession 
of  sparks  afforded  a  current  of  gas  from  water.  When  a  solu- 
tion of  gold  in  nitro-muriatic  acid  was  passed  through  the 
capillary  tube ;  the  tube  then  heated  to  drive  off  the  acid ;  and 
afterwards  melted  and  drawn  out,  it  was  found  that  the  mere 
current  of  electricity,  without  sparks,  evolved  gas  from  water. 

Sir  H.  Davy  has  since  proved,  that,  by  a  similar  apparatus, 
solution  of  sulphate  of  potassa  is  decomposed,  potassa  appearing 
at  the  negative,  and  sulphuric  acid,  at  the  positive  pole.j:  U. 
1.  187. 
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$49.  All  bodies  which  exert  powerful  chemical  agencies  upon  pary*!!  idea 
each  other  when  freedom  of  motion  is  given  to  their  particles,  tioiJ^'bTt^ 
render  each  other  oppositely  electrical  when  acting  as  masses.  J^® '^jjj,*' ^ 
Henoe  Sir  H.  Davy,  the  great  and  successful  investigator  of  this  gaivaokm. 
branch  of  chemical  philosophy,  has  supposed  that  electrical  and 
chemical  phenomena,  though  in  themselves  quite  distinct,  may 
be  dependent  upon  one  and  the  same  power^  acting  in  the  for- 
mer case  upon  masses  of  matter,  in  the  olher  upon  its  particles. 

250.  The  power  of  the  Voltaic  apparatus  to  communicate  cirotimitaB- 
divergence  to  the  electrometer,  is  most  observed  when  it  is  "i^J^^^^ 
well  insulated  and  filled  with  pure  water;  but  its  power  of  pro-  ^ppai^Sli*"^ 
ducing   ignition  and  of  giving  shocks,  and  of  producing  the 

other  effects  observed  when  its  poles  are  connected,  are  much 
augmented  by  the  interposition  of  dilute  acids,  which  act 
chemically  upon  one  of  the  plates :  here,  the  insulation  is  inter- 
fered with  by  the  production  of  vapour,  but  the  quantity  of 
electricity  is  much  increased,  a  circumstance  which  may,  per- 
haps, be  referred  to  the  increase  of  the  positive  energy  of  the 
most  oxidable  metal  by  the  contact  of  the  acid.  In  experi- 
ments made  with  the  ^reat  battery  of  the  Royal  Institution,  it 
has  been  found  that  120  plates  rendered  active  by  a  mixture  of 
one  part  of  nitric  acid  and  three  of  water^  produced  effects 
equal  to  480  plates  rendered  active  by  one  part  of  nitric  acid 
and  fifteen  of  water. 

251.  In   the  V^oltaic  pile,  the  intensity  of  the  electricity 
increases  with  the  number  of  alternations,  but  the  quantity  is  Arranjeiront 
increased  by  extending  the  surface  of  the  plates.*     Thus,  if  a  i^d  qaamity^ 
battery,  composed  of  thirty  pairs  of  plates  two  inches  square, 

be  compared  with  another  battery  of  thirty  pairs  of  twelve 
inches  square,  charged  in  the  same  way,  no  difference  will  be 
perceived  in  their  effects  upon  bad  or  imperfect  conductors ; 
their  powers  of  decomposing  water  and  of  giving  shocks  will 
be  similar ;  but  upon  good  conductors  the  effects  of  the  large 
plates  will  be  considerably  greater  than  those  of  the  small :  they 
will  Ignite  and  fuse  large  quantities  of  platinum  wire^  and  pro- 
dace  a  very  brilliant  spark  between  the  charcoal  points.  The 
following  experiment  will  illustrate  the  different  effects  of  quan- 
tity and  intensity  in  the  Voltaic  appasatus. 

Immerse  the  platinum  wires  connected  with  the  extremity  of  Exprrim^ntai 
a  charged  battery  composed  of  twelve-inch  plates  into  water,  >"««i'«i'i"0' 
and  it  will  be  found  that  the  evolution  of  gas  is  nearly  the  same 
as  that   occasioned  by  a  similar  number  of  two  inch  plates. 


*  Two  or  more  trooghs  containing  snmll  platci  may  eadlj 
raadtt  to  act  aa  one  trough  of  large  plates  For  this  par- 
poee  tbeymuit  bo  placed  with  their  aides  together,  their  timilas 
ends  bein^  in  the  same  direction,  and  they  should  be  con- 
nected by  two  thick  pieces  of  copper  er  lead  wire,  bent 
aecoidii^  to  the  (i|r*>re,  in  sneh  a  manner  that  the  lower  angles  of  one  piece  will  enter  the  terminal 
eeDe  at  one  ead  of  the  battery  and  the  lower  angles  of  the  other  piece  the  terminal  ceils  at  the  other 
end ;  the  projectiog  termmatiooi-of  the  wires  tie  to  be  osed  as  the  poles  of  the  battery.    Faradof. 
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Apply  the  moistened  fingers  to  the  wires,  and  the  shock  will 
be  the  same  as  if  there  were  no  connection  by  the  water. 
While  the  circuit  exists  through  the  human  body  and  the 
water,  let  a  wire  attached  to  a  thin  slip  of  charcoal  be  made  to 
connect  the  poles  of  the  battery,  and  the  charcoal  will  become 
vividly  ignited.  The  water  and  the  animal  substance  discharge 
the  electricity  of  a  surface  probably  not  superior  to  their  own 
surface  of  contact  with  the  metals  ;  the  wires  discharge  all  the 
residual  electricity  of  the  plates  ;  and  if  a  similar  experiment 
be  made  on  plates  of  an  inch  square,  there  will  scarcely  be  any 
sensation  when  the  hands  are  made  to  connect  the  ends  of  the 
battery,  a  circuit  being  previously  made  through  water  ;  and 
no  spark,  when  charcoal  is  made  the  medium  of  connexion, 
imperfect  conductors  having  been  previously  applied. 
2Ltto*'l^"****  These  relative  effects  of  quantity  and  intensity  were  admi- 
rably illustrated  by  the  experiments  instituted  by  Mr  Children, 
who  constructed  a  battery,  the  plates  of  which  were  two  feet 
eight  inches  wide,  and  six  feet  high.  They  were  fastened  to 
a  beam  suspended  by  counterpoises  from  the  ceiling  of  his  la- 
boratory, so  as  to  be  easily  immersed  into  or  withdrawn  from 
the  cells  of  the  acid.  The  effects  upon  metallic  wires  and  per- 
fect conductors  were  extremely  intense  ;  but  upon  imperfect 
conductors,  such  as  the  human  body,  and  water,  they  were 
feeble.* 

252.  One  of  the  most  convenient  methods  of  constructing  a 
battery  of  extensive  surface  has  been  contrived  by  Dr  Hare, 
fig.  59,  who  has  given  the  instrument  the  name  of  Calorimotor. 

PI-  8*  A  a,  represent  two  cubical  vesiels,  twenty  inches  square,  inside.    6  6  6  fr, 

Dr  Haro*t       ^  framt!  of  wood  containing  20  sheets  of  copper,  and  20  sheets  of  sine,  alterna. 

trnprovemeou  tin#;  with  each  other,  and  about  half  an  inch  apart.  T  T  f  /,  masses  of. tin 
cast  oTer  the  protruding  edges  of  the  sheets  which  are  to  communicate  with 
each  other.  Fig.  60,  represents  the  mode  in  which  the  junction  between  the 
various  sheets  and  tin  masses  is  effected.     Between  the  letters  m  £,  the  zinc  only 

ealorimotoT.  \^  {q  contact  with  the  tin  massef.  Between  c  c  the  copper  alone  teaches.  It 
may  be  observed,  that,  at  the  back  of  the  frame,  ten  sheets  of  copper  between 
e  c,  and  ten  sheets  of  zinc  between  8  sr,  are  made  to  communicate,  by  a  com* 
mon  mass  of  tin  extending  the  whole  length  of  the  frame,  between  T  T  :  but 
in  front,  as  in  fig.  69,  there  is  an  interstice  between  the  mass  of  tin,  connecting 
the  ten  copper  sheets,  and  that  connecting  the  ten  zinc  sheets.  The  screw 
forceps^  appertaining  to  each  of  the  tin  masses,  may  be  seen  on  either  side  of 
the  interstice  :  and  likewise  a  i^ire  for  ignition  held  between  them.  The  ap- 
plication of  the  rope,  pulley,  and  weights  is^obvious.  The  swivel  at  S  permits 
the  frame  to  be  swung  round  and  lowered  into  water  in  the  vessel  a,  to  wash 
off  the  acid,  which,  after  immersion  in  the  other  vessel,  might  continue  to  act 
oil  the  sheets,  encrusting  them  with  oxide.  Between  p  p,  there  is  ft  woodea 
partition,  which  is  not  necessary,  thoti^^h  it  may  be  beneficial. 

When  the  copper  and  zinc  surfaces  are  united  by  an  inter- 
vening wire,  and  the  instrument  is  immersed  in  the  acid  liquor 
in  the  vessel  beneath,  the  wire  becomes  intensely  ignited,  and 
when  hydrogen  is  liberated  in  sufficient  quantity  it  usually  takes 
fire  producing  a  very  beautiful  corruscating  flame  upon  the  sur- 
face of  the  liquid.t 

•  Philof*  Trans.  1815,  p.  363.  f  Sm  Amtr,  Jour,  «/5(tMc«|  vol.  1.  413. 
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253.  When  the  extremes  of  a  battery  composed  of  larore  plates  Metallic 
are  united  by  wires  of  different  metals,  it  is  found  that  some  ^^**°- 
are  more  easily  ignited  than  others,  a  circumstance  which  has 
been  referred  to  their  conducting  powers  :  thus,  platinum  is 
more  easily  ignited  than  silver,  and  silver,  than  zinc.  If  the 
ignition  be  supposed  to  result  from  resistance  to  the  passage  of 
electricity,  we  should  say  that  the  zinc  conducted  better  than 
silver,  and  the  silver  than  platinum. 

254.  An  important  improvement  has  been  suggested  in  the  J^p^*^^^. 
construction  of  the  Voltaic  apparatus  by  Dr  Wollaston,*  by 

which  great  increase  of  quantity  is  obtained  without  incon- 
venient augmentation  of  the  size  of  the  plates  :  it  consists  in 
extending  the  copper  plate,  so  as  to  oppose  it  to  every  surface 
of  the  zinc,  as  seen  in  fig.  61.  A  is  the  rod  of  wood  to  which  pu  a. 
the  plates  are  screwed  ;  BB  the  zinc  plates  connected  as  usual 
with  the  copper  plates  CC,  which  are  doubled  over  the  zinc 
plates,  and  opposed  to  them  upon  all  sides,  contact  of  the  sur- 
faces being  prevented  by  pieces  of  wood  or  cork  placed  at  Dl}. 
With  a  single  pair  of  plates  of  very  small  dimensions  con- 
structed upon  this  principle,  Dr  Wollaston  succeeded  in  fusing 
and  igniting  a  fine  platinum  wire.  By  some  this  is  considered 
the  most  economical  and  useful  form  of  the  Voltaic  apparatus  ; 
particularly  for  all  those  researches  in  which  there  is  an  occa- 
sional demand  for  quantity  as  well  as  intensity  of  electricity. 

Fig:.  ^2,  represent*  the  improFed  forni  of  the  Voltaic  apparata»  of  Dr  Hare,  PI.  3. 
whif;b  he  ha§  called  a  Defla^errator.     It  contiMs  of  foar  trougbtt  aa^  6  6,  each  _  „     , 
10  feet  lon^.     Each  two  of  the  troughs  are  joined  lengthwise,  edge  to  edge,  so  JMh^rator. 
that  when  the  sides  of  the  two  h  b  are  yeriical,  those  of  the  others  a  a  are 
borizontal.    I'he  troughs  are  supported  by  a  frame  c  c,  and  tnro  upon  pivots, 
•d  d.    The  pirots  are  made  of  iron  coated  with  brass  or  copper,  and  a  commu- 
Hicatioo  isioiade  between  these  and  the  galranic  series  within  by  strips  of  cop- 
iper,  e.     The  galvanic  »eries  of  300  pairs  of  copper  and  zinc  plates  (connected 
«s  10  figs.  63  and  64,  each  zinc  plate  s  being  between  two  copper  plates  c  c) 
sre  placed  in  the  troughs  a  a.f    The  acid  liquor  is  contained  in  the  troughs  6  6, 
Mid  liy  a  partial  revolution  of  the  apparatus  is  made  to  flow  into  the  troughs 
«ODtaining  the  plates. tf  ^ 

255.  The  theory  of  the  Voltaic  pile  is  involved  in  many  dif-  Voiuucpiie 
ficalties.     The  original  source  of  electricity  appears  to  depend  S^?H?e!pte* 
upon  the  contact  of  the  metals,  for  we  kiiow  that  a  plate  of  silver  "^^^"^"^ 
and  t  piate  of  zinc,  or  of  any  other  difficultly  and  easily  oxida- 

ble  metals,  become  negative  and  positive  on  contact.  The  ac- 
cumulation must  be  referred  to  induction^  which  takes  place 
ID  the  electrical  column  through  the  very  thin  stratum  of  air  or 
paper,  and  through  water  when  that  fluid  is  interposed  between 
the  plates.  Accordingly  we  observe  that  the  apparatus  is  in  the 
^sondition  of  the  series  of  conductors  with  interposed  air  and  of 
the  Leyden  phials,  (214.)     When  the  electrical  column  is  insu- 

*  ^nnais  of  Philosophy,  Sept.  1815. 

f  The  platM  an  B«t  rapreteated  ia  tiie  bwer  troQ^,  ia  order  that  the  iatarior  nay  be  better 


t  See  American  Jour,  of  Science^  vol.  3,  p.  347. 

t  Aoother  form  m  deacribdd  by  Prof.  Ds  Butts,  Ibid.  toI.  vlU.  p*  STl-'-aiid  one  by  Bf .  Hart  in 
^rewsUr*$  Jtwr,  roL  4. 
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lated  the  extremities  exhibit  feeble  negative  and  positive  powers^ 
but  if  either  extremity  be  connected  with  the  ground,  the  elec- 
tricity of  its  poles  or  extremities  is  greatly  increased,  as  may  be 
shown  by  the  increased  divergence  of  the  leaves  o£  the  electro- 
meter which  then  ensues, 
siectrieitv  2SQ.  As  general  changes  in  the  form  and  constitution  of  matter 

•ciivetuua-  are  connected  with  its  electrical  states,  it  is  obvious  that  electri- 
^^  city  must  be  continually  active  in  nature.     Its  effects  are  ex-> 

hibited  on  a  magnificent  scale  in  the  thunder-storm,  which  re-^ 
suits  from  the  accumulation  of  electricity  in  the  clouds,  as  was 
first  experimentally  demonstrated  by  Dr  Franklin,  who  also 
first  showed  the  advantage  of  pointed  conductors  as  safeguards 
for  buildings. 
Anonge-  257.  That  arrangements  of  different  organic  substances  are 

g'^iie ■ab-^''   capable  of  producing  electrical  effects,  has  been  shown  by  vari* 
of  prodi!dv'  ous  experimet^talists.     If  the  hind  legs  of  a  frog  be  placed  upon 
fi!^u"^^       a  glass  plate,  and  the  crural  nerve  dissected  out  of  one,  made 
to  communicate  with  the  other,  it  will  be  found,  upon  ;naking 
occasional  contacts  with  the  remaining  crural  nerve,  that  the 
limbs  of  the  animal  will  be  agitated  at  each  contact.     These 
circumstances  have  induced  some  physiologists  to  suppose  that 
Electricity     electficitv  mav  be  concerned  in  some  of  the  most  recondite 
tbupiicnome-  phenomena  of  vitality,  and  Dr  Wollaston,  Sir  E  Home,  and 
naufviuiity.  p^.^^  Braude,  have  made  some  experiments  tending  to  confer 
probability  on  this  idea.* 

258.  We  have  as  yet  no  plausible  hypothesis  concerning  the 
cause  of  electrical  phenomena,  though  the  subject  has  engaged 
the  attention  of  the  most  eminent  philosophers  of  Europe. 
They  have  been  by  some  referred  to  the  presence  of  a  peculiar 
fluid  existing  in  all  matter,  and  exhibiting  itself  by  the  appear- 
ances which  have  been  described,  whenever  its  equilibrium  is 
disturbed,  presenting  negative  and  positive  electricity  when 
TiieoriM.  deficient  and  when  redundant.  Others  have  plausibly  argued 
for  the  presence  of  two  fluids,  distinct  from  each  other.  Others 
have  considered  the  effects  as  referable  to  peculiar  exertions  of 
the  attractive  powers  of  matter,  and  have  regarded  the  existence 
of  any  distinct  fluid  or  form  of  matter  to  be  as  unnecessary  to 
the  explanation  of  the  phenomena^  as  it  is  in  the  question  con- 
cerning the  cause  of  gravitation. 
fixperinents  259.  When  the  flame  of  a  candle  is  placed  between  a  positive 
«.|.mingt«fii-  ^^^  negative  surface,  it  is  urged  towards  the  latter  ;  a  circum^ 
'"*"'  stance  which  has  been  explained  upon  the  supposition  of  a  cur- 
rent of  electrical  matter  passing  from  the  positive  to  the  nega- 
tive pole  ;  indeed,  it  has  been  considered  as  demonstrating  the 
existence  of  such  a  current  of  matter.  But  if  the  flame  of  phos- 
phorus be  substituted  for  that  of  a  candle,  it  takes  an  opposite 
direction  ;  and,  instead  of  being  attracted  towards  the  negative, 
it  bends  to  the  positive  surface.  It  has  been  shown  that  inflam- 
mable bodies  are  always  attracted  by  negative  surfaces,  and  acid 
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bodies,  and  those  in  which  the  supporters  of  combustion  prevail, 
are  attracted  by  positive  surfaces.  (236.)  Hence  Ihe  name  of 
the  candle  throwing  off  earbon,  is  directed  to  the  negative  pole^ 
while  that  of  phosphorus  forming  acid  matter  goes  to  the  positive, 
consistently  with  the  ordinary  laws  of  electro-chemical  attraction.* 

260.  There  are  other  experiments  opposed  to  the  idea  that  p^j^crimenta 
electricity  is  a  material  substance.     If  we  discharge  a  Leyden  incrpotiuou 
pbial  through  a  quire  of  paper,  the  perforation  is  equally  burred  i°i^.tg''mat^i- 
iipon  both  sides,  and  not  upon  the  negative  side  only,  as  would  ^^' 
have  been  the  case  if  any  material  body  bad  gone  through  in  that 
direction.     The  power  seems  to  have  come  from  the  centre  of 

the  paper,  as  if  one  half  of  the  quire  bad  been  attracted  by  the 
positive,  and  the  other  by  the  n^ative  surface. 

261.  When  a  pointed  metallic  wire  is  presented  towards  the  oneofacon- 
oonductor  of  the  electrical  machine,  in  a  darkened  room,  a  star  trury  uodon- 
of  light  is  observed  when  the  conductor  is  positive,  but  a  ^^ 
brush  of  light  when  it  is  negative  ;  a  circumstance  which  has 

been  referred  to  the  reception  of  the  electric  fluid  in  the  one 
case,  and  its  escape  in  the  other.  In  the  Voltaic  discharge  the 
same  appearances  are  evident  upon  the  charcoal  point,  rays  ap- 
pearing to  diverge  from  the  negative  conductor,  while  upon  the 
positive  a  spot  of  bright  light  is  perceptible.  But  these  affec- 
tions of  light  can  scarcely  be  considered  as  indicating  the  emis- 
sion or  reception  of  any  specific  form  of  matter. 

268.  It  has  been  long  known  that  the  copper  sheathing  of  AprViention 
vessels  corrodes  rapidly  in  sea  water,  being  converted  into  an  ^  p^Mn^*" 
oxide  through  the  medium  of  spme.a^d,  or  at  least  of  a  decom-  ^,^^^7^^. 
pounded  substance,   occupying  the  negative  extremity  of  the 
electric  scale.     The  copper  must  therefore  be  positive  in  res- 
pect to  the  body  decomposed  or  attracted.     Sir  H.  Davy  infer- 
red that  if  e  substance  more  positive  than  copper,  and  in  contact 
with  it,  could  be  exposed  to  the  corroding  action,  that  the  cop- 
per would,  by  induction,  be  rendered  less  positive,  and  there- 
fore indisposed  to  combine  with  any  other  negative  body.t 
This  he  effected  by  bringing  copper  in  contact  with  zinc  or 
iron.     A  piece  of  zinc  as  lar,ge  as  a  pea,  ;or  tbe  head  of  a  small 
round  nail,  was  found  adequate  to  preserve  40  or  50  square 
inches  of  copper.    It  is  necessary,  however,  that  the  ciopper  be  ^ 

not  rendered  too  strongly  aegative,  otherwise  the  positive  elec- 
tric bodies,  such  as  magnesia  and  lime,  separate  from  the  wa- 
ter, adhere  to  the  ci^per  and  form  a  nidus  for  sea  weeds  and 
shell-fish.  This  happens  when  there  is  l-35th  to  l-60th  of  the 
protecting  metal.  With  l-150th  no  such  deposites  were  no- 
ticed. 

On  the  same  principle  he  has  proposed  the  use  of  protectors 
for  steam  boilers  where  salt  water  is  used.j:  And  Mr  Pepys 
has  suggested  the  preservation  of  iron  or  steel  instruments  from 
rust  by  contact  with  a  piece  of  zinc. 


•  J»kU.  TVau.  18B4,  fce.  f  Pkil^t.  Mag.  V.  B.  iii.  SO.  t  PhU.  Trws*  1898,  Put  iii. 
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CHAPTER  II. 

OF   BLECTRO-NEOATiyE    SUBSTANCES.* 

263.  The  substances  belonging  to  this  class  are  characterized 
by  possessing  very  energetic  powers  of  combination  in  respect 
to  the  simple  inflammable  bodies,  and  they  are  each  of  them 
capable  of  producing  acids,  whence  they  may  also  be  termed 
acidifying  principles.  When  their  compounds  are  submitted 
to  electro-chemical  decomposition,  these  elements  are  attracted 
by  the  positive  surface  ;  hence  their  natural  or  inherent  electri- 
cal states  may  be  considered  as  negative. 

These  acidifying^  electro*negative  substances  are  five  in 
number  : 

1.  Oxygen. 

2.  Chlorine. 

3.  Bromine. 

4.  Iodine. 

5.  Fluorine. 
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264.  These  bodies  enter  into  combination  with  each  other, 
and  with  other  bodies, '  to  be  hereafler  described,  producing 
compounds,  in  an  account  of  which  it  will  be  necessary  to 
make  use  of  the  peculiar  language  of  chemistry.  The  follow- 
ing examples  may  serve  to  give  some  idea  of  the  principles  of 
nomenclature  generally  adopted  in  chemistry. 

When  any  body  unites  with  oxygen,  whatever  the  product 
may  be,  the  process  is  termed  oxygenation.  When  only  a 
certain  portion  of  oxygen  combines  with  other  bodies,  the  pro- 
duct not  acquiring  acid  properties,  the  process  is  termed  oxida-- 
tion,  and  the  new  compounds  are  usually  distinguished  by  the 
termination  tde, — as  oxide  of  chlorine,  oxide  of  nitrogen.  In 
like  manner  similar  combinations  of  chlorine,  J^romine,  and 
iodine,'  are  distinguished  as  chlorides^  bromides  and  iodides — 
thus  we  have  chloride  of  sulphur,  iodide  of  iron,  &c. 

When  more  than  one  compound  of  this  kind  is  produced,  the 
terminations  ous  and  ic  are  used  to  designate  the  relative  pro- 
portions of  the  electro-negative  substances.  Thus  nitrogen 
forms  two  oxides  ;  that  containing  the  smallest  proportion  of 
oxygen  is  the  nitrous  oxide,  that  containing  the  largest  the 
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nitric  oxide.  The  acid  compounds  are  siniilerly  designated^  ^an£?' 
as  nitrous  and  nitric  acid  ;  sulphurous  and  sulphuric  acid  ; 
and  where  there  are  intermediate  compounds  the  tierm  hypo  is 
occasionally  added  to  the  acid  next  ahove  it  in  point  of  oxidize* 
ment.  Thus,  hyposulphuric  acid  signifies  an  acid  compound 
intermediate  between  sulphurous  and  sulphuric  acids  ;  hypo- 
phosphorous  acid,  an  acid  containing  less  oxygen  than  the 
phosphorous  acid. 

The  different  combinations  of  the  metals  with  oxygen,  are  Mot&i«anii 
perhaps  best  distinguished  by  prefixing  to  the  word  oxide  the  *^*y«**'  **• 
first  syllable  of  the  Greek  ordinal  numerals,  as  originally  pro- 
posed by  Dr  Thomson.  Thus  the  protoxide  of  a  metal  will 
denote  the  compound  containing  a  minimum  of  oxygen,  or  the 
first  oxide  which  the  metal  is  capable  of  forming  ;  deuioxide 
will  denote  the  second  oxide  of  a  metal,  fyc.  ;  and  when  a  metal 
is  combined  with  the  largest  possible  quantity  of  oxygen,  the 
compound,  if  not  acid,  is  called  peroxide.  The  same  rule  ap- 
plies to  the  chlorides  and  iodides. 

The  acids  terminating  in  oi^  produce  compounds  in  which 
the  termination  ite  is  used  ;  while  those  ending  in  ic  form 
compounds  in  which  the  ending  ate  is  used.  Thus  the  combi- 
nation of  sulphurous  acid  and  potassa,  is  a  sulphite  of  potassa  ; 
that  of  sulphuric  acid  and  potassa,  a  sulphate  of  potassa,  fyc. 

When  the  same  acid  combines  with  more  than  one  oxide  of  Sfuneaeid 
the  same  metal,  the  first  syllable  of  the  Greek  ordinal  numeral  ^Jl!'''^^ 
is  In  that  case  applied  to  the  acid  ;  thus,  the  protosulphate  and 
persulphate  of  iron  signify  the  combinations  of  sulphuric  acid 
with  the  protoxide  and  peroxide  of  iron.  '  The  term  oxysul" 
phate  is  occasionally  used  to  designate  the  latter  compound, 
and  in  the  same  sense  we  speak  of  oxynitrates,  oxyphosphates, 
4rc.  but  the  former  mode  of  designation  is  less  equivocal. 

The  compounds  of  the  simple  inflammable  bodies  with  each  simple  in- 
other,  and  with  the  metals,  ar»  commonly  designated  by  the  ^"°~^''**^ 
termination  tire/,  as  sulphuret  of  phosphorus,  phosphuret  of 
carbon,  carburet  of  iron,  bromuret  of  silver,  ^c. 

The  terms  bisulphuretj  bisulphate,  biphosphurety  biphos- 
phatCf  fyc.  applied  to  compounds,  imply  that  they  contain 
twice  the  quantity  of  sulphur,  sulphuric  acid,  phosphorus  or 
phosphoric  acid,  existing  in  the  respective  sulphuret,  sulphate, 
phosphuret  and  phosphate. 

265.  The  term  Oas  is  applied  to  all  permanently  elastic  fluids,  gu«. 
except  the  atmosphere,  to  which  the  term  air  is  appropriated. 

For  performing  the  necessary  experiments  on  gases,  many  Appsntiufor 
articles  of  apparatus  are  necessary,  consisting  partly  of  vessels  '"^  * 
fitted  for  containing  the  materials  that  afford  them,  and  parti}'  of 
vessels  adapted  to  the  reception  of  gases,   and  for  submitting 
them  to  experiment. 

For  procuring  such  gases  as  are  producible  without  a  very  for  procwing 
strong  heat,  glass  bottles,  furnished  with  ground  stoppers  and  '^^' 
bent  tubes,  are  sufficient,  fig.  Q5.    Of  these,  several  will  be  re-  i*'-  ^- 
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quired  of  diflferetit  sizes  and  shapes^  adapted  to  different  pur- 
poses. If  these  cannot  be  procured^  a  Florence  flask,  with  a 
cork  perforated  by  a  bent  glass  tube,  or  eyen  by  a  tin  pipe^ 
will  serve  for  obtaining  some  of  the  gases. 

Those  gasesi  that  requirey  for  their  liberation,  a  red  heat, 
may  be  procured  by  exposing  to  heat  the  substance  capable  of 
affording  them,  in  coated  earthen  retorts  or  tubes  ;  or  in  a  gun 
barrel,  the  touch-hole  of  which  has  been  acurately  closed  by  an 
iron  pin.  To  the  mouth  of  the  barrel  must  be  affixed  a  glass 
tube,  bent  so  as  to  convey  the  gases  where  it  may  be  requisite* 

A  very  convenient  apparatus,  for  obtaining  such  gases  as 
cannot  be  disengaged  without  a  red  heat,  consists  of  a  cast-iron 
retort,  having  a  jointed  metallic  conducting  tube  fitted  to  it  by 
grinding  ;  by  means  of  which  the  gas  may  be  conveyed  in  any 
direction,  and  to  any  moderate  distance.  It  is  represented  as 
placed,  when  in  actual  use,  within  the  bars  of  a  common  fire* 
grate,  fig.  66,  a,  b* 

For  receiving  the  gases,  glass  jars,  of  various  sizes,  figs.  58, 
67  a  and  78,  are  required,  some  of  which  should  be  furnished 
with  necks,  at  the  top,  fitted  with  ground  stoppers.  Others 
should  be  provided  with  brass  caps,  and  screws,  for  the  recep- 
tion of  air-cocks,  fig.  69.  Of  these  last,  (the  air«cocks)  fig.  70, 
several  will  be  found  necessary ;  and,  to  some  of  them,  blad- 
ders^t  fig.  71,  or  elastic  bottles,  should  be  firmly  tied,  for  the 
purpose  of  transferring  gases.  These  jars  will  also  be  found 
extremely  useful  in  experiments  on  the  properties  and  effects  of 
the  gases.  Some  of  them  should  be  graduated  into  cubical 
inches,  figs.  69  a  and  72. 

To  contain  these  jars,  when  in  use,  a  vessel  will  be  necessary, 
capable  of  holding  a  few  gallons  of  water.  This  is  best  made  of 
copper,  fig.  67,  i,  if  of  considerable  size  ;  or,  if  small,  of  tin, 
japanned  or  painted.  Fig.  67,  //  exhibits  a  section  of  this 
apparatus,  which  has  been  termed  the  pneumato-chemical  trough, 
or  pneumatic  cistern.  Its  size  may  vary  with  that  of  the  jars 
employed  ;  and,  about  two  or  three  inches  from  the  top,  it 
should  have  a  shelf,  on  which  the  jars  may  be  placed,  wh^n 
filled  with  air,  without  the  risk  of  being  overset.  In  this  shelf 
should  be  a  few  small  holes,  fig.  71,  to  which  inverted  funods 
may  be  soldered.:): 

A  glass  tube,  about  18  inches  long,  and  three  quarters  of  an 
inch  diameter,  fig.  72,  closed  at  one  end,  and  divided  into 
cubic  inches  and  tenths  of  inches,  will  be  required  for  aicertain- 


*  Tlia  wrooght  iron  botUci  in  which  quicknlvw  ii  impoitod  form  «  ocmTsmeat  aiiparntiig  for  Ihit 
parpow,  a  goo  barrel  betng  icrewed  into  the  neck  of  th«  bottle. 

t  A  bladder  may  be  made  to  continue  tight  for  a  conmderable  period  by  pouring  a  Uttlo  oil  into  it 
at  fint,  and  allowing  it  to  booome  eaturated.  Bladders  are  not  perfectly  tight  to  gaiea,  and  an  leai  to 
when  dry  than  when  moiit ;  eoniequently  gaaea  abonid  not  bo  retained  lonff  ta  them,  and  n«T«r  longar 
than  is  absolutely  ntfcemary.    Hydragen  gaa  puses  mora  rapidly  thcoHgh  them  than  any  othar  gaa. 

Gas  bags  are  made  of  oiled  silfc,  or  of  two  layers  of  wovbn  material,  having  between  them  a  tluck 
layer  of  caoutchouc.   Those  made  ofoilad  silk  are  aeUom  tight,  and  rapidly  increaso  in  porosity.  F- 

t  fig.  73.  ri.  3,  ropmeols  a  T«iy  eoBVaniioA  foia  of  thb  apparatu. 
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iDg  the  purity  of  air  by  nitrous  gas.  It  should  be  accompanied 
also  with  a  small  measure,  containing  about  two  cubic  inches, 
and  simiiariy  graduated.  For  employing. the  solution  of  nitrous 
gas  in  liquid  sulphate  of  iron,  glass  tubes,  about  five  inches 
long,  and  half  an  inch  wide,  divided  decimally,  are  also  necos* 
aary.  Besides  these,  the  experimentalist  should  be  furnished 
with  air  funnels,  fig.  22,  for  transferring  gases  from  wide  to  "*  ^• 
narrow  vessels. 

266.  An  apparatus,  almost  indispensable  in  experiments  on  Gazomecer* 
this  class  of  bodies,  is  a  oazomet£B,  which  enables  the  chemist 
to  collect  and  to  preserve  large  quantities  of  gas,  with  the  aid 
of  only  a  few  pounds  of  water.  In  the  form  of  this  apparatus 
there  is  considerable  variety  ;  its  general  construction  and  use 
is  as  follows.  It  consists  of  an  outer  fixed  vessel  d  (fig.  74) 
and  an  inner  moveable  one  c,  both  of  copper  or  japanned  iron. 
The  latter  slides  easily  up  and  down  within  the  other,  and  is 
suspended  by  cords  passing  over  pulleys,  to  which  are  attached 
the  counterpoise,  e  e.  To  avoid  the  incumbrance  of  a  great  weight 
of  water,  the  outer  vessel  d  is  made  double,  or  is  composed  of 
two  cylinders,  the  inner  one  of  which  is  closed  at  the  top  and  at 
the  bottom.  The  space  of  only  about  half  an  inch  is  left  between 
the  two  cylinders,  as  shown  by  the  dotted  lines.  In  this  space, 
the  vessel  e  may  move  freely  up  and  down.  The  interval  is  filled 
with  water  as  high  as  the  top  of  the  inner  cylinder.  The  cup,  or 
rim,  at  the  top  of  the  outer  vessel,  is  to  prevent  the  water  from 
overflowing,  when  the  vessel  c  is  forcibly  pressed  down,  in 
which  situation  it  is  placed,  whenever  gas  is  about  to  be  collect- 
ed* The  gas  enters  from  the  vessel  in  which  it  is  produced, 
by  the  communicating  pipe  6,  and  passes  along  the  perpendicular 
pipe,  marked  by  dotted  lines  in  the  centre,  into  the  cavity  of 
the  vessel  c,  which  continues  rising  till  it  is  full. 

To  transfer  the  gas  or  to  apply  it  to  any  purpose,  the  cock  b  J/^^'*^ 
is  to  be  shut,  and  an  empty  bladder,  or  bottle  of  elastic  gum, 
furnished  with  a  stop  cock,  to  be  screwed  on,  a.  When  the 
vessel  e  is  pressed  down  with  the  hand,  the  gas  passes  down 
the  central  pipe,  which  it  had  before  ascended,  and  its  escape 
at  b  being  prevented,  it  finds  its  way  up  a  pipe  which  is  fixed 
to  the  outer  surface  of  the  vessel,  and  which  is  terminated  by 
the  cock  a.  By  means  of  an  ivory  mouth-piece  screwed  upon 
this  cock,  the  gas,  included  in  the  instrument,  may  be  respired  ; 
the  nostrils,  being  closed  by  the  fingers.  When  it  is  required 
to  transfer  the  gas  into  glass  jars  standing  inverted  in  water, 
a  crooked  tube  may  be  employed,  one  end  of  which  is  screwed 
upon  the  eock  b  ;  while  the  other  aperture  is  brought  under  the 
inverted  funnel,  fixed  into  the  shelf  of  the  pneumatic  trough. 
(See  fig.  67.) 

Several  alterations  have  been  made  fa  the  form  of  this  appa- 
ratus ;  but  they  are  principally  such  as  add  merely  to  its  neat- 
ness and  beauty,  and  not  to  its  utility ;  and  they  render  it  less 
easy  of  explanation.    The  counterpoises  e  e  are  now,  generally, 
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concealed  in  the  franoln^,  and  the  vessel  c  is  frequendy  made 
of  glass. 

267.  When  large  quantities  of  gas  are  required^  (as  at  a  public 
lecture),  the  gas-holder,  (fig.  75)  will  be  found  extremely  useful. 
It  is  made  of  copper  or  tinned  iron-plate,  japanned  both  within 
and  without.  Two  short  pipes,  a  and  c,  terminated  by  cockS| 
proceed  from  its  sides,  and  another,  b,  passes  through  the  middle 
of  the  top  or  cover,  to  which  it  is  soldered,  and  reaches  within 
half  an  inch  of  the  bottom.  It  will  be  found  convenient  also  to 
have  an  air  cock  with  a  very  wide  bore,  fixed  to  the  funnel  at&. 
When  gas  is  to  be  transferred  into  tiiis  vessel  from  the  gazome* 
ter,  the  vessel  is  first  completely  filled  with  water  through  the 
funnel,  the  cock  a  being  left  open,  and  c  shut.  By  means  of  a 
horizontal  pipe,  the  aperture  a  is  connected  with  a  of  the 
gazometer.  The  cock  b  being  shut,  a  and  c  are  open,  and  the 
vessel  c  of  the  gazometer  (fig  74,)  gently  pressed  downwards 
with  the  hand.  The  gas  then  descends  from  the  gazometer  till 
the  air-holder  is  full,  which  may  be  known  by  the  water  ceas- 
ing to  escape  through  the  cock  c.  All  the  cocks  are  then  to  be 
shut,  and  the  vessels  disunited.  To  apply  this  gas  to  any  pur- 
pose, an  empty  bladder  may  be  screwed  on  a;  and  water  being 
poured  through  the  funnel  6,  a  corresponding  quantity  of  gas  is 
forced  into  the  bladder.  By  lengthening  the  pipe  A,  the  pres- 
sure of  a  column  of  water  may  be  added  :  and  the  gas,  being 
forced  through  a  with  considerable  velocity,  may  be  applied  to 
the  purpose  of  a  blow-pipe,  &c.  &c.  The  apparatus  admits  of  a 
variety  of  modifications.  The  most  useful  one  appears  to  be 
that  contrived  by  Mr  Pepys,  consisting  chiefly  in  the  addition 
of  a  shallow  cistern  (fig.  66,  c)  to  the  top  of  the  air-holder,  and 
of  a  glass  register  tube/*,  which  shows  the  height  of  the  water, 
and  consequently  the  quantity  of  gas,  in  the  vessel.  When  a 
jar  is  intended  to  be  filled  with  gas  from  the  reservoir,  it  is 
placed,  filled  with  water,  and  inverted  in  the  cistern  c.  The 
cocks  1  and  2  being  opened,  the  water  descends  through  the 

Eipe  attached  to  the  latter,  and  the  gas  rises  through  the  pipe  e. 
iy  raising  the  cistern  a  to  a  greater  elevation,  any  degree  of 
pressure  may  be  obtained ;  and  a  blow-pipe  may  be  screwed  on 
the  cock  at  the  left  side  of  the  vessel.* 

The  gazometer,  already  described,  is  fitted  only  for  the  recep- 
tion of  gases  that  are  coofioable  by  water ;  because  quicksilver 


*  It  ii  necMsary  to  be  aware  of  the  pomble  eotranee  of  oonunon  air  with  the  water,  even  when 
there  is  oonaiderable  depth  in  the  ciilem.  When  the  gaa  ia  paaring  rapidly  oat  at  the  lateral  Hop-ooek, 
and  oonwqnently  the  water  r^yidly  deaoendiof  through  the  tube,  it  will,  if  uaattended  to,  fjm^a&BOf 
acquire  a  rotary  motion,  which,  from  mechaoical  caoaea  easily  explained,  will  at  last  produee  aa 
aperture  eommenciaf  at  the  suifaoe  of  tJie  water  and  descending  to  the  Tery  bottom  <^the  toboi 
Down  this,  air  is  rapidly  canied  by  tJM  desrnndinf  water,  wlnoh,  mudag  with  thegaa  in  the  instntment, 
deleriorales  it,  and  with  inHsmmaWe  gaaaa  may  laad  to  daqgerMB  veadls.  Henee  this  rotary  molfaw 
when  obeerrod,  should  bo  ditturbod.  The  fiMmation  of  tho  osntral  channel  for  air  may  ««sily  be 
proTeated  by  allowing  a  huge  bung  or  a  piece  of  light  wood  to  svrim  on  the  sor&oe  of  the  water.  If 
rotation  does  take  piuce,  it  will  draw  the  floating  mass  to  the  oeotre,  and  provupi  the  ait  from  paaiiiv 
down  by  hindering  the  fonnaaoa  of  a  channal,  if  wator  be  ptaatlfully  Mpplia4.   F*  398. 
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would  act  on  the  tinning  and  solder  of  the  vessrel^  and  would 

not  only  be  spoiled    itself,  but  would  destroy  the  apparatus. 

Yet  an  instrument  of  this  kind,  in  which  mercury  can  be  em-  ^J^'^^jj^^ 

ployed,  is  peculiarly  desirable,  on  account  of  the  great  weight 

of  that  fluid ;  and  two  varieties  of  the  mercurial  gazometer  have 

therefore  been  invented.     In  that  invented  by  Mr  Pepys,  the 

eistem  for  the  mercury  is  of  cast-iron.     Mr  Newman  has  joined 

a  gazometer  of  this   kind   to  an  improved  mercurial  trough, 

by  means  of  which  the  advantages  of  both  are  obtained  with  pi-3* 

only  60  or  70  pounds  of  quicksilver,*  (fig.  76.) 

268,  For  those  gases  that  are  absorbed  by  water,  a  mercurial 
trough  is  necessary.  For  the  mere  exhibition  of  a  few  experi- 
ments on  these  condensible  gases,  a  small  trough,  eleven  inches 
long,  two  wide,  and  two  deep,  cut  out  of  a  solid  block  of 
mahogany,  (or  soapstone)  is  sufficient. 

263.  A  useful  apparatus,  ybr  submitting  gases  to  the  action 
o/eketridtyy  is  shown  in  fig.  77;  where  a  represents  the  knob  m-3. 
of  the  prime  conductor  of  an  electrical  machine ;  6,  a  Leyden 
jar,  the  ball  of  which  is  in  contact  with  it,  as  when  in  tlie  act  of  ApnaraiM 
charging;  and  c,  the  tube  standing  inverted  in  mercury,  and  romubmiuinff 
partly  filled  with  gas.     The  mercury  is  contained  in  a  strong  fficitV.'' 
wooden  box  d,  to  which  is  screwed  the  upright  iron  pillar  <;, 
with  a  sliding  collar  for  securing  the.  tube  c  in  a  perpendicular 
position.     When  the  jar  b  is  charged  to  a  certain  intensity,  it 
discharges  itself  between  the  knob  a  and  the  small  ball  i,  which, 
with  the  wire  connected  with  it,  may  be  occasionally  fitted  on 
the  top  of  the  tube  c.     The  strength  of  the  shocks  is  regulated 
by  the  distance  between  a  and  »• 

By  the  same  apparatus,  or  the  tube,  fig.  88,  inflammable  mix-  pl4. 
tares  of  gases  may  be  exploded  by  electricity. 


*  It  is  not  more  than  18  incfaet  in  leof th  tod  height ;  and  it  ia  placed  in  a'lvfe  japanned  txn j  to 
collect  aeatteied  mercurj. 

Whengas  ia  to  be  collected  in  the  gaxometcr,  the  beak  of  the  retort  is  placed  below  the  surface  I^owman^s 
of  the  raereory,  in  the  cup  at  the  bottom  of  the  apparatus,  and  haring  a  boll-shaped  v^essel  inmiprsed  mercurial 
b  tiie  naerairj  immediately  over  it.  The  troogh  has  a  cavity  in  the  middle,  large  enough  to  fill  a  ("'^^ugli. 
jar  10  ineliea  longi  and  3 1-9  wide ;  and  there  is  a  shelf  on  each  side,  Uirce  indies  in  widtli,  to  support 
Teasels  containing  gas.  Opposite  to  three  indentations  on  the  edge  of  the  trcugh .  are  three  holes  In 
one  of  tho  ohelTes,  into  which  the  beaks  of  retorts  liberating  gas  are  to  bo  introdneod ;  or  i  sliding 
abalf  with  apertnrea  may  be  fitted  across  the  cavity  for  tho  same  purpose*  Tho  gasometer  is  at  one 
end,  a,  and  aook  b«low  the  level  of  the  trough.  It  is  capable  of  containing  SO  cubic  incheai  A  tube, 
connected  with  the  gazometer  at  the  lower  part  is  made  to  asccod,  and  passing  up  through  the 
nercnry  in  a  comer  of  the  trough,  at  about  an  inch  above,  it  bends  down  again,  and  terminates 
beneath  ita  aarfaee.  If  the  gaa  is  contained  in  the  gazometer,  it  may  be  transferred  to  air-jara  in 
tha  CRmgb,  by  aiKng  them  with  aaereary,  placing  tliem  over  the  end  of  the  bent  tube,  and  giving 
pRmnre  to  tha  faxomater.  The  air  will  paas  from  it  along  the  tube  into  the  jar.  By  Uio  bond  in 
the  tube,  the  mercury  is  prevented  from  passing  into  the  lower  port  of  the  «:aKomcter,  while  at  tho 
same  time  the  gaa  is  allowed  a  free  pamage.  All  inconvenience  is  prevented  by  moans  of  a  stop-cock, 
which  ahuta  oft  the  eoounanication  between  tho  receiver  and  the  trough,  preventing  at  the  same  time  '  * 
the  eacftpe  of  air  from  the  gazometer,  and  of  mercury  into  it.  A  sliding  shelf  is  fixed  beneath  tlie 
trough  to  aapport  a  qririt-lamp  under  a  retort,  or  for  other  purposes.  A  dotonating  tube  h  and  ipriiig 
are  also  attached  to  the  opparatus  by  a  clamp  and  screws,  ond  mav  bo  {ixc<l  on  any  side  of  llie 
trouj^.  The  whole  apparatus  is  of  iron,  excepting  sometimes  the  piUnrs  uhlch  support  it,  and  which 
may  be  of  bri 
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270.  The  proportion  of  gas  which  may  be  detonated  with 
safety  in  a  glass  tube,  depends  considerably  upon  the  explosive 
power  of  the  particular  mixture  under  examinationi  and  also 
upon  the  quantity  detonated  at  once.  A  mixture  of  oxygen 
with  carbonic  oxide  expands,  when  inflamed,  with  much  less 
force  than  a  mixture  of  oxygen  with  hydrogen  or  olefiant  gas ; 
and  a  large  quantity  will  of  course  expand  with  more  force  than 
a  smaller.  But  besides  considering  the  efficiency  of  the  tube 
in  resisting  the  expansive  force,  occasioned  by  detonation,  the 
experimenter  has  also  so  to  proportion  the  quantity  of  gas,  that 
whilst  expanding  there  shall  be  abundant  space  in  the  tube  to 
retain  the  products  under  their  greatest  volume  and  agitation, 
that  no  loss  may  occur.  No  more  gas  should  be  introduced 
into  a  tube  for  detonation  than  will  occupy  a  sixth  of  its  capacity 
at  common  temperatures,  and,  generally,  it  will  be  safer  and 
advisable  to  employ  much  less.     F.  433. 

271.  Previously  to  undertaking  experiments  on  the  gases,  it 
may  be  well  for  an  unpractised  experimentalist  to  accustom 
himself  to  the  dexterous  management  of  gases,  by  transferring 
common  air  from  one  vessel  to  another  of  different  sizes. 

1.  When  a  glass  jar,  closed  at  one  end,  is  filled  with  water, 
and  held  with  its  mouth  downwards,  in  however  small  a  quan- 
tity of  water,  the  fluid  is  retained  in  its  place  by  the  pressure 
of  the  atmosphere  on  the  surface  of  the  exterior  water.  Fill  in 
this  manner,  and  invert,  on  the  shelf  of  the  pneumatic  trough, 
one  of  the  jars,  which  is  furnished  with  a  stopper  (fig.  58).  The 
ivater  will  remain  in  the  jar  so  long  as  the  stopper  is  closed ; 
but  immediately  on  removing  it,  the  i^er  will  descend  to  the 
same  level  within  as  without ;  for  it  is  now  pressed,  equally 
upwards  and  downwards,  by  the  atmosphere,  and  falls  therefore 
in  consequence  of  its  own  gravity. 

2.  Place  the  jar,  filled  with  water  and  inverted,  over  one  of 
the  funnels  of  the  shelf  of  the  pneumatic  trough.  Then  take 
another  jar,  filled  (as  it  will  be  of  course)  with  atmospherical 
air.  Place  the  latter  with  its  mouth  on  the  surface  of  the  water ; 
and  on  pressing  it  in  the  same  position  below  the  surface,  the 
included  air  will  remain  in  its  situation.  Bring  the  mouth  of 
the  jar  beneath  the  funnel  in  the  shelf,  and  incline  it  gradually. 
The  air  will  now  rise  in  bubbles,  through  the  funnel,  into  the 
upper  jar,  and  will  expel  the  water  from  it  into  the  trough* 

3.  Let  one  of  the  jars,  provided  with  a  stop-cock  at  the  top, 
be  placed  full  of  air  on  the  shelf  of  the  trough.  Screw  upon  it 
an  empty  bladder;  open  the  communication  betveeen  the  jar  and 
the  bladder,  and  press  the  former  into  the  water,  fig.  71.  The 
air  will  then  pass  into  the  bladder,  till  it  is  filled ;  and  when 
the  bladder  is  removed  from  the  jar,  and  a  pipe  screwed  upon 
it,  the  air  may  be  again  transferred  into  a  jar  inverted  in  water. 

4.  For  the  purpose  of  transferring  gases  from  a  wide  vessel 
standing  over  water,  into  a  small  tube  filled  with  and  inverted 
in  mercury,  the  following  contrivance  of  Mr  Cavendish  may 
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be  used.  A  tube,  eight  or  ten  inches  long,  and  of  very  small 
diameter,  is  drawn  out  to  a  fine  bore,  and  bent  at  one  end,  so 
as  to  resemble  the  Italic  letter  /.  The  point  is  then  immersed 
in  quicksilver,  which  is  drawn  into  the  tube  till  it  is  filled,  by 
the  action  of  the  month.  Placing  the  finger  over  the  aperture 
at  the  straight  end,  the  tube  is  next  conveyed  through  the 
water,  with  the  bent  end  uppermost,  into  an  inverted  jar  of  gas. 
When  the  finger  is  removed,  the  quicksilver  falls  from  the  tube 
into  the  trough,  or  into  a  cup  placed  to  receive  it,  and  the  tube 
is  filled  with  the  gas.  The  whole  of  the  quicksilver,  however, 
must  not  be  allowed  to  escape ;  but  a  column  must  be  left,  three 
or  four  inches  long,  and  must  be  kept  in  its  place  by  the  finger. 
Kemoye  the  tube  from  the  water ;  let  an  assistant  dry  it  with 
blotting  paper ;  and  introduce  the  point  of  the  bent  end  into 
the  aperture  of  the  tube  standing  over  quicksilver.  On  with- 
drawing the  finger  from  that  aperture  which  is  now  uppermost, 
the  pressure  of  the  column  of  quicksilver,  added  to  the  weight 
jof  the  atmosphere,  will  force  the  gas  from  the  bent  tube  into 
the  one  standing  in  the  mercurial  trough.* 

27S.  For  the  transference  of  small  quantities  of  gas  from  one  MrPrpyi'ui- 
vessel  to  another,  the  instrument  contrived  by  Mr  Pepys  is  con-  SSSeroni"^ 

venient.  It  is  made  of  a  piece  of  glass  tube, 
about  half  an  inch  in  diameter  and  five  inches 
long,  attached  to  a  piece  of  smaller  diameter, 
which  after  bending  as  in  the  figure,  terminates 
in  a  chamber  at  a,  which  being  cylindrical  for  the 
greater  part  of  its  length,  terminates  in  a  capil-  . 
lary  tube  and  aperture.  A  small  piston  rendered 
air  tight  by  tow  and  tallow,  is  fitted  into  the 
cylindrical  tube ;  it  is  moved  by  a  rod  and  ring, 
the  rod  passing  through  a  box  which  closes  the 
upper  aperture  of  the  instrument,  but  which 
should  not  be  air  tight.  A  portion  of  mercury 
is  placed  above  the  piston,  the  space  between  it  and  the  capillary 
opening  of  the  chamber,  is  filled  with  the  same  metal  when  the 
piston  is  in  the  position  depicted.  Upoh  raising  the  piston, 
the  mercury  follows  it,  and  descends  into  the  chamber  a,  the 
space  left  by  it  being  immediately  filled  with  the  air  or  gas 
which  has  access  to  the  capillary  opening.  The  rod  has  a 
graduation  upon  it,  by  which  it  is  known  when  a  tenth  of  a 
cubical  inch  of  air  has  entered  the  chamber.    F.  340. 

273.  The  manipulation  With  jars  and  glasses  is  comparatively  Manipaiaiion 
easy  to  that  which  occurs  in  transference  from  them  to  tubes,  ^^^  '"^* 
or  from  tubes  to  each  other.     One  circumstance  with  tubes 
which  occasions  difficulty,  in  addition  to  the  narrowness  of  their 


*  hk  eoBeetivg  and  truiAfriiif  gafleaoreiqiudnilTer,  especially  wbwe  Uie  <tQicknlTar  ii  impure  or 
dSrty,  the  gas  wQl  eaeape  on  tbo  oataido  of  the  jar,  there  being  m  little  adhesion  between  the  quic^siher 
aiid  the  gtsM,  thla*  I  hare  found,  may  be  guarded  against  by  slightly  tm^arijig  the  edge  of  the  jar  with 
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mouths^  is^  their  contracted  capacity  within,  by  which  the  easy 
passage  of  a  bubble  of  gas  upwards,  and  water  downwards,  at 
the  same  time,  is  interfered  with ;  this  effect  is  greatest  in  tubes 
of  the  smallest  diameters.  No  great  difficulty  will  occur  in  the 
transference  of  gas  from  a  tube  to  another  that  is  wider.     The 

second  tube  is  to  be  filled  in  the  usual  man- 
ner with  water,  and  held  in  the  well  of  the 
trough,  in  a  considerably  inclined  position ; 
the  tube  containing  the  gas  is  to  be  brought 
near  it,  the  upper  edge  of  its  mouth  inserted 
as  it  were  into  the  mouth  of  the  first,  and 
then  its  position  slowly  altered,  until  the  gas  passing  towards 
the  mouth  be  gradually  delivered  in  distinct  bubbles  into  the 
first  tube.  During  this  transfer,  the  mouth  of  the  second  tube 
should  be  retained  as  much  as  possible  within  the  first ;  the 
latter  should  not  be  raised  to  a  perpendicular  position,  bat  be 
considerably  inclined,  for  then  the  edges  of  its  mouth  meet 
better  with,  and  are  adapted  to,  those  of  the  second  tube,  so  as 
to  confine  the  gas,  and  the  motion  of  the  bubbles  is  less  sudden 
and  less  subject  to  derangement.  Occasionally  it  is  advanta- 
geously placed  in  almost  a  horizontal  position,  its  closed  ex- 
tremity being  but  little  raised.  One  bubble  of  gas  should  be 
allowed  to  rise  to  some  height  in  the  tube  before  another  is 
permitted  to  follow. 
Tnmftriiif  ^"^'  When  the  delivering  tube  is  larger  than  the  receiving 
t^^S^xo  tube,  more  care  is  required  in  the  transfer.  The  first  tube 
•nmu  tabet,  giioy]^  be  inclined  as  before,  and  the  upper  edge  of  the  mouth 
of  the  second  placed  within  it,  and  to  assist  in  uniting  as  it 
were  the  two  tubes  for  the  moment,  the  finger  and  thumb  of  the 
left  hand  (which  holds  the  receiving  tube)  should  be  applied  at 
the  sides  of  the  junction,  so  as  to  confine  the  gas  and  prevent 
its  escape  laterally.  For  this  purpose,  and  generally  indeed  in 
tube  transference,  the  tube  is  best  held  in  the  hand,  with  its 
open  extremity  passing  out  between  the  thumb  and  fore  finger, 
so  that  when  sustained  in  the  water  in  an  inclined  position  the 
back  of  the  hand  may  be  upwards,  the  hand  being  as  it  were 
over  the  vessel ;  the  tube  is  then  easily  supported  by  the  two 
or  three  last  fingers  of  the  hand,  and  the  fore  finger  and  thumb 
are  left  at  liberty  to  guide  the  mouths  of  the  vessels,  or  toelose 
the  lateral  opening,  as  has  been  just  described.  At  other  times 
it  may  be  held  as  a  pen  is  retained  in  the  hand,  the  mouth  being 
confined  and  guided  between  the  thumb  and  two  fore  fingers. 
The  tubes  should  at  all  times  be  retained  by  a  light  and  easy, 
though  secure  hold,  and  not  in  a  stiff  rigid  manner,  and  the 
arms  may  often  be  allowed  to  rest  with  advantage  on  the  edge 
of  the  trough,  whilst  the  hands  are  immersed  in  the  water. 
rwBjuB.  ^'^^-  ^^  intermediate  lipped  glass  should  be  used  for  the 

transference  of  gas  from  a  large  jar  to  a  tube.  The  tube  being 
filled  with  water  is  to  be  held  under  the  surface  as  before  de- 
scribed (273)  \  the  lip  is  to  be  introduced  into  it,  the  junctioa 
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made  by  the  fingers  if  necessary,  as  in  the  former  case,  and  the 
gas  allowed  to  pass  in  distinct  bubbles.  It  will  be  found  easier 
to  transfer  from  a  glass  that  is  from  a  third  to  five*sixths  full  of 
gas,  than  from  one  containing  more  or  less.  When  a  glass  is 
nearly  empty,  it  is  often  exceedingly  difficult  to  transfer  from  it 
into  a  narrow  tube.  Advantage  may  therefore  occasionally  be 
taken  of  the  circumstance  above  mentioned,  to  replenish  the 
glass  with  gas. 

276.  Tubes  containing  gases  are  easily  transferred  from  one  RemoTing 
trough  to  another,  or  to  other  situations,  merely  by  closing  their  ^•^"'•** 
mouths  with  the  finger  or  thumb,  and  carrying  them  to  the 
required  situation.     The  student  should  very  early  attain  the 

habit  of  closing  the^mouth  of  a  tube  by  the  finger  with  facility 
and  security.  The  accurate  manipulation  of  gas  in  tubes,  so 
that  none  shall  escape  and  be  lost,  is  often  essential  in  exp^i- 
nents  of  research,  where  only  small  portions  of  gas  are  evolv- 
ed for  examination  as  to  many  of  its  properties.  *  F.  326.* 

277.  The  method  of  weighing  gases  is  very  simple,  and  Jf*^^®*' 
easily  practised.     For  this  purpose,  however,  it  is  necessary  to  fM."^ 
be  provided  with  a  good  air-pump ;  and  with  a  globe  or  flask, 
furnished  with  a  brass  cap  and  air-cook,  as  shown  fig.  69,  6.     A 
graduated  receiver  is  also  required,  to  which  an  air-cock  is 
adapted,  as  shown  at  a. 

Supposing  the  receiver  a  to  be  filled  with  any  gas,  the  weight  fi.3. 
of  which  is  to  be  ascertained,  we  screw  the  cock  of  the  vessel  ^ 
b  on  the  transfer  plate  of  an  air-pump,  and  exhaust  it  as  com- 
pletely as  possible.  The  weight  of  the  exhausted  vessel  is  then 
▼ery  accurately  taken,  even  to  a  small  fraction  of  a  grain  ;  and 
it  is  screwed  upon  the  air-cock  of  the  receiver  a.  On  opening 
both  cocks,  the  last  of  which  should  be  turned  very  gradually, 
the  gas  ascends  from  the  vessel  a  ;  and  the  quantity,  which 
enters  into  the  flask,  is  known  by  the  graduated  scale  on  a.  On 
weighing  the  vessel  a  second  time,  we  ascertain  how  many 
grains  have  been  admitted.  If  we  have  operated  on  common 
air,  we  shall  find  its  weight  to  be  at  the  rate  of  about  30,5  grains 
to  100  cubic  inches.  Tho  same  quantity  of  oxygen  gas  will 
weigh  about  34  grains,  (33,888  T.)  and  of  carbonic  acid  gas, 
upwards  of  47  grains,  (46,597  T.) 

278.  The  specific  gravity  of  any  gas  compared  with  common  Method  of ii<i- 
ftir  is  readily  known,  when  we  have  once  determined  its  abso-  !!^S"gT^ 
lute  weight.  Thus,  if  100  cubic  inches  of  air  weigh  30^5^^"^ 
grains,  and  the  same  quantity  of  oxygen  gas  weighs  33,8888 
grains,  we  say, 

30,5  :  33,8888  :  :  1,000  :  1,1111. 
The  specific  gravity  of  oxygen  gas  will  therefore  be  as  1 ,1 1 1 1 
to  1,000.    We  may  determine,  also,  the  specific  gravity  of  gases, 

*  WUttf  operttioiw  npon  tho  fasM  may  bo  porbrmod  in  oppttratof  fonnod  partly  or  altogechor  of 
ifium  tobo,  for  a  partSeukr  doscription  of  whiob,  aad  for  maay  othor  detaUt  ooDBoctod  wi(h  thii  luliiocti 
a^tto  IMrwd  IQUkOm^vm^  Jfi  Fai»d»r«  Gkmicia  MmifidaUpn. 
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more  simply,  by  weighing  the  flask,  first  whea  full  of  common 
air,  and  again  when  exhausted ;  and  afterwards  by  admitting 
into  it  as  much  of  the  gas  under  examination  as  it  will  receive ; 
and  weighing  it  a  third  time.  Now  as  the  loss  between  the  first 
and  second  weighing  is  to  the  gain  of  weight  on  admitting  the 
gas,  so  is  common  air  to  the  gas  whose  specific  gravity  we  are 
estimating.  Supposing  for  example,  that  by  exhausting  the  flask 
it  loses  30,5  grains,  and  that  by  admitting  carbonic  acid  it  gains 
46,597;^ ;  then 

30,5  :  46,5973  :  :  1,000  :  1,5«77. 
The  specific  gravity  of  carbonic  acid  is  therefore  1,5277,  air 
being  taken  at  1,000.  And  knowing  its  specific  gravity,  we 
caA,  without  any  further  experiment,  determine  the  weight  of 
100  cubic  inches  of  carbonic  acid  ;  for  as  the  specific  gravity 
of  air  is  to  that  of  carbonic  acid,  so  is  30^5  to  the  number 
required  \  or 

1,000  :  1,5977  :  :  30,5  :  46,5948. 
One  hundred  inches  of  carbonic  acid,  therefore,  will  weigh 
46,5948  grains.     H.  1.  21. 
^"^'^       279.  In  experiments  of  this  kind,  it  is  necessary  either  to 
teded  to.      operate  with  the  barometer  at  30  inches,  and  the  thermometer 
at  60^  Fahrenheit,  or  to  reduce  the  volume  of  gas  employed  to 
that  pressure  and'  temperature.     Great .  care  is  to  be  taken,  not 
to  wacm  any  of  the  vessels  by  contact  with  the  hands,  from 
which  they  should  be  defended  by  a  glove.     On  opening  the 
communication  between  the  receiver  and  the  exhausted  globe, 
if  any  water  be  lodged  in  the  air-cock  attached  to  the  former, 
it  will  be  forcibly  driven  into  the  globe,  and  the  experiment  will 
be  frustrated.    This  may  be  avoided  by  using  great  care  in 
filling  the  receiver  with  water,  before  passing  into  it  the  gas 
under  examination.     It  is  also  useful  to  introduce  a  little  piece 
of  crumpled  filtering  paper  into  the  connecting  piece  so  that 
when  the  stop-cock  of  the  globe  is  screwed  on,  the  paper  may 
lie  lootoly  between  the  apertures  of  the  two  vessels.    It  will 
arrest  any  drops  of  water  that  may  be  carried  up. 
CQmction         280.  Boyle  and  Hooke  were  perhaps  the  first  to  observe  that 
forpreMuio.  ^y^^  volumcs  of  gascs  Varied  inversely  in  proportion  to  the  pres- 
sure exerted  upon  them,  although  the  law,  having  been  first 
distinctly  announced  and  enlarged  upon  by  Marriotte,  has  re- 
ceived his  name.    Its  truth  at  high  pressure  although  sometimes 
doubted,  has  been  confirmed  by  the  recent  results  of  Oersted** 
Whatever  may  be  the  case  at  high  pressure,  the  law  may  be 
considered  as  accurately  true  at  such  pressures  as  occur  natu- 
rally and  are  indicated  by  the  barometer,  and  also  at  the  greater 
variations  dependent  upon  the  difference  of  level  of  the  fluid 
within  and  without  ajar  standing  over  the  mercurial  or  water 
trough, 
cmetionibr      281.  A  pressurc  of  30  inches  of  mercury,  as  observed  by  an 
accurate  barometer,  has  been  assumed  as  the  mean  height  or 
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barameiric  pressure^  and  yolumes  of  gas  observed  at  any  other 
pressure,  frequently  require  to  be  corrected  to  what  they 
MTouId  be  at  this  point.  For  this  purpose  it  is.  only  necessary 
•to  compare  the  observed  height*  witn  the  mean  height  or  30 
inches,  and  increase  or  diminish  the  observed  volume  inversely 
in  the  same  proportion.  Thus  as  the  mean  height  of  the  baro- 
meter is  to  the  observed  height,  so  is  the  observed  volume  to 
the  volume  required.  As  an  instance,  suppose  that  100  cubic  Exsmptef. 
inches  of  gas  have  been  observed  when  the  barometer  stood  at 
30,7  inches  ;  then  as  30  inches  or  mean  height  is  to  30,7  inches 
or  observed  height,  so  is  100  or  the  observed  volume  to  a  fourth 
proportional  obtained  by  multiplying  the  second  and  third  terms 
together  and  dividing  by  the  first :  thus  30,7  X  lOO  s  3070, 
which  divided  by  30  ss  102,333  cubic  inches  *,  this  would  be 
the  voluoie  of  the  gas  at  30  inches  of  barometric  pressure.  Or 
consider  the  gas  as  observed  at  28,9  inches  of  the  barometer  : 
then  SO  inches  or  mean  height  is  to  28,9  inches  or  observed 
height  as  100  is  to  96,333  cubic  inches,  that  being  the  result  of 
28,9  multiplied  by  100  and  divided  by  30,  according  to  the 
rule. 

Again,  suppose  a  quantity  of  gas  amounting  to  20  cubic  inches 
standing  over  mercury  in  a  jar,  the  level  of  the  metal  within 
being  3  inches  above  that  without,  and  the  barometer  at  29,4 
inches.  Then  the  column  of  3  inches  of  mercury  within  the  jar, 
counterbalancing  3  inches  of  the  barometric  pressure,  instead  of 
heing  29,4,  the  latter  is  efiectively  only  26,4,  and  the  correction 
will  be  as  30  inches  is  to  26,4  inches,  so  is  the  20  cubic  inches 
observed  to  17,6  cubic  inches,  the  volume  which  the  gas  would 
really  occupy  if  the  mercury  were  level  within  and  without 
the  jar,  and  the  barometer  were  at  30  inches.     F.  370. 

282.  It  appears  by  the  experiments  of  Gay-Lussac  and  Dal-  £^{j^« 
ton,  that  all  gases  and  vspours,  of  whatever  nature,  when  not 
in  contact  with  liquids,  are  affected  equally  in  their  volume  by 
changes  of  temperature,  the  increase  in  volume  for  every  addi- 
tional degree  of  heat  of  Fahrenheit's  scale,  being  ^l^th  part  of 
the  volume  at  32°  F.,  and  the  decrease  for  every  diminution  of 
temperature  of  one  degree  being  also  r^^th  part  of  the  volume 
at  32°  Fahr.  This  known,  it  is  easy  to  calculate  how  much  a 
volume  of  gas  at  a  given  temperature,  60°  Fahr.  for  instance, 
would  be  increased  or  diminished  by  a  change  of  one  or  more 
degrees.  For  though  it  is  not  for  one  degree,  a  xiv^^  P^^^  of 
the  bulk  at  60°,  the  proportion  is  easily  ascertained  by  adding 
28,  or  the  number  of  degrees  of  the  observed  gas  above  32°  to 
480,  which  producing  508,  indicates  that  j^tUi  part  of  the  bulk 
at  60°  is  to  be  considered  as  the  increase  or  diminution  for 
every  degree  of  change.  For  conceive  480  parts  of  gas  at  32°  : 
at  33°  they  become  481  paru  ;  at  34°,  482  parts  ;  at  60°,  508 
parts  ;  the  increase  at  each  degree  being  ^ii^th  of  the  volume 


*  Ifwi  «xpOTtetBtbe  emilMii4  Ibr  MMtiiiif,  tlwbiuvmQtvr  tlioukl  be  obMrvoc*  wreril  tlmefr 
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at  32^ f  and  consequently  such  part  of  the  volume  at  any  other 
temperature,  as  is  indicated  by  adding  the  number  of  degrees 
above  3d''  to  480. 
Koto.  The  rule  for  correction  to  be  applied  to  an  observed  volom^t 

of  gasy  is,  therefore,  to  add  to  480  the  number  of  degrees  above 
39^,  to  divide  the  observed  volume  by  this  sum,  which  gives 
the  expansion  or  contraction  for  each  degree  at  the  observed 
temperature  ;  to  multiply  this  by  the  number  of  degrees  be- 
tween the  observed  temperature  und  the  temperature  to  which 
the  gas  is  to  be  corrected,  which  will  of  course  indicate  the 
whole  expansion  or  contraction  ;  and  then  to  subtract  this,  if 
the  observed  be  above  the  corrected  temperature,  or  to  add  it, 
if  the  former  be  below  the  latter  ;  thus  allowing  for  the  con- 
traction or  expansion  which  would  actually  take  place,  if  the 
temperature  of  the  gas  were  really  to  be  brought  to  the  point  to 
which  by  calculation  it  may  thus  be  corrected.  For  example, 
suppose  100  cubic  inches  of  gas  at  70^  Fahr.  are  to  be  corrected 
to  mean  temperature  or  60^.  The  difference  between  70^^  the 
observed  temperature,  and  3d^,  is  38,  which  added  to  480  =  518, 
the  100  inches  divided  by  518,  gives  0,19305  of  a  cubic  inch  as 
the  whole  expatision  for  each  degree  ;  and  this  multiplied  by 
10,  the  difference  between  70^  and  60^  cives  1,9305  cubic 
inches  as  the  whole  expansion  ;  which  subtracted  from  100 
cubic  inches,  leaves  98,0690  cubic  inches  as  the  volume  which 
would  be  occupied  by  the  gas  at  60^  Fahr.     F.  376. 

283.  It  is  constantly  necessary  to  make  corrections  both  for 
temperature  and  pressure  in  the  same  volume  of  gas.  It  mat- 
ters not  which  correction  is  made  first,  the  result  being  the  same 
in  either  mode.  Thus  for  instance,  100  cubic  inches  observed 
at  the  temperature  of  40^  Fahr.  the  barometer  being  at  88 
inches,  if  first  corrected  for  pressure,  become  93,33  cubical 
inches  :  and  then  for  temperature  become  97,158469,  which  is 
the  true  volume.  Or,  if  first  corrected  for  temperature,  it  be* 
comes  104,09836,  and  then  for  pressure,  it  becomes  as  before 
97,158469  cubic  inches.     F.  370.* 

284.  The  experiments  of  Sir  H.  Davy  and  Mr  Faraday  have 
shown  that  many  substances,  which  had  previously  been  known, 
when  uncombined,  only  as  gases,  may  be  obtained  in  a  liquid 
state  by  generating  them  under  pressure. 

Liqmfteiioa      When  thus  comprcssed,  a  very  moderate  heat  is  sufficient 
'' ""  to  make  them  boil  ;  and  on  the  removal  of  pressure  they  re- 

assume  the  elastic  form,  most  of  them  with  such  violence  as  to 
cause  a  report  like  an  explosion,  and  others  with  the  appearance 
of  brisk  ebullition.  An  intense  degree  of  cold  is  produced  at 
the  same  time,  in  consequence  of  calorie  becoming  latent,  (158.) 

*  Dr  M.  Hall  hw  eooitnietBd  an  bislnmMiit,  wfaMi  he  «Jk  an  ASranatar,  ialMdad  to  giv»  tt 
ones  «  eorroelkm  for  olmgw  is  tte  tnnpvataie,  hi  lb«  pnanw,  in  tha  «iIhim1  amI  inlaraal  hijglm 
of  the  fluid  in  the  piMumaltc  tioafh ;  and  when  this  traogk  contaim  water,  ton  tha  elaTratioa  and 
proeipitation  of  aqueous  vapottt .    See  Q^aru  JSrar.  ▼.  Sk 
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The  proeess  for  condensing  the  gases  consists  in  exposing  Ptoom. 
them  to  the  pressure  of  their  own  atmosphere.  The  nnaterials 
for  producing  them  are  put  into  a  strong  glass  tube  about  eight 
inches  long,  which  is  afterwards  sealed  hermetically  ;  then,  be- 
ing softened  in  the  flame  of  a  tamp^  at  about  five  inches  from 
the  closed  end,  it  is  to  be  bent,  not  sharply,  but  obtusely  and 
roundly,  until  the  two  limbs  make  an  angle  of  about  130^  or 
140^.  The  gas  is  generated,  if  necessary,  by  the  application  of 
heat,  and  when  the  pressure  becomes  sufficiently  great,  the 
liquid  forms  and  collects  in  the  free  end  of  the  tube,  which  is 
kept  cool  to  facilitate  the  condensation.* 

985.  The  pressure  required  to  liquefy  the  gases  is  very  vari« 
aUe,  as  will  appear  from  the  following  table  of  results  obtained 
by  Mr  Faraday. 
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Section  II.     0/  Oxygen. 

286.  Oxygen  has  never  been  obtained  in  a  state  of  complete  iksoovw];- 
separation.     In  the  state  of  gas,  it  is  corojj    jd  with  caloric, 

and  probably  with  light  and  electricity.  It  was  discovered  in 
1774  by  Dr  Priestley »  who  gave  it  the  name  of  dephlogisticated 
air.  It  was  called  Empyreal  air,  by  Scheele,  and  FUal  air 
by  Condorcet.  ^ 

287.  This  gas  may  be  obtained  from  various  substances.     1.  How  obuio- 
From  the  black  or  peroxide  of  manganese,  heated  to  redness  ^* 

in  a  guo^barrel,  or  in  an  iron  retort  $  or  from  the  same  oxide, 
heated  by  a  lamp  in  a  retort,  fig.  67,  c,  or  gas  bottle,  fig.  65,  with  pi.  s. 
half  its  weight  of  strong  sulphuric  acid.  One  pound  of  manga- 
nese is  capable  of  furnishing  from  40  to  50  wine  pints  of  gas. 
But  as  manganese  is  often  contaminated  with  a  small  proportion 
of  carbonate  of  lime,  it  is  advisable,  before  U8in«c  it,  to  wash  it 
with  muriatic  acid  diluted  with  15  or  20  partsi  of  water  ;  then 
with  distilled  water;  and  afterwards  to  dry  it  at  a  moderate 
heat. 

2.  From  the  red  oxide  of  lead  (the  common  red  lead)  used 
by  painters,  heated  either  with  or  without  half  its  weight  of 
concentrated  sulphuric  acid. 


ThaM  m>eiiMWifti  an  ibngtroai  from  tha  bunting  of  Ui«  fenbea,  and  ihould  not  Iw  nndArtakea 
la  tha  aHaata  diiaoiiaBt  fivta  by  Mr  Fandaj  in  Soct-  xrl.  Chemical  Mam^mUii^n* 
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3.  From  various  other  oxides,  as  will  be  hereafter  mentioned. 

4.  From  nitrate  of  potassa  (common  saltpetre)  made  red*hot 
in  a  gun-barrely  or  in  a  coated  earthen  retort. 

5.  From  chlorate  of  potassa  heated  in  a  small  glass  retort, 
over  an  Argand's  lamp.  The  oxygen  gas  thus  produced  is 
much  purer  than  that  obtained  in  any  other  mode,  especially 
the  last  portions,  which  should  be  kept  separate.  It  will  be 
found,  also,  to  be  much  less  contaminated  with  common  air,  if 
heated  in  a  small  matrass,  which  is  best  when  of  green  glass. 
The  chlorate  of  potassa  may  be  introduced  while  the  tube  is 
straight,  which  allows  us  to  make  use  of  one  of  very  small 

PL  8.  diameter,  after  this  it  may  be  bent  by  a  spirit  lamp,  as  in  fig.  49. 

288.  AH  these  substances,  after  having  yielded  oxygen  gas, 
are  found  considerably  diminished  in  weight ;  and  calculating 
each  cubic  inch  of  gas  to  be  equal  to  one-third  of  a  grain,  the 
loss  of  weight  will  be  found  pretty  exactly  equivalent  to  that  of 
gas  generated. 

PropertiMor      289.  Oxygcn  gas  is  insipid,  colourless  and  inodorous.     It  is 

oxygen gu.  ^^  sparingly  absorbed  by  water,  that  when  agitated  in  contact 
with  it,  no  perceptible  diminution  takes  place.  It  is  rather 
heavier  than  common  air  ;  its  specific  gravity  is  16,  hydrogen 
being  assumed  =1.*  100  cubical  inches  at  mean  temperature 
and  pressure  weigh  33,8888  grains.     (T.) 

mh^olirb''^       290.   It  refracts  the  rays  of  light  less  than  any  other  gas. 

compnmiL.  When  suddenly  and  strongly  compressed,  not  only  heat  is  evolv- 
ed, but  the  gas  becomes  luminous, 

sopporta  ref-      291 .  It  is  a  powcrful  supporter  of  respiration  and  combustion. 

piraUoD,]  ^  small  animal,  QOifined  in  oxygen  gas,  lives  thrice  as  long  as 
when  confined  in  t)ie  same  bulk  of  common  air. — ^This  effect 
seems  connected  with  the  absorption  of  oxygen  by  the  blood. 

_^  Pass  op  a  little  dark  coloured  blood  into  a  jar  partlj  filled  with  oxygen  ^[as, 

'^'  and  standing  over  mercury.    The  gas  will  be  in  part  absorbed,  and  the  colour 

of  the  blood  will  bt  changed  to  a  bright  and  florid  red.    Thi»  change  to  red 

may  be  ^hown,  by  potting  a  little  blood  into  a  common  vial  filled  with  oxygen 

ga^  and  shaking  it  up.     U. 

292.  All  combustible  bodies  burn  in  oxygen  gas  with  greatly 
increased  splendour. 

A  lighted  wax  taper,  fixed  to  an  iron  wire,  and  plunged  into  a  vessel  of  this 
^P-  gas,  burns  with  great  brilliancy,  fig.  50.     if  the  taper  be  blown  out,  and  let 

down  into  a  vessel  of  the  gas  while  (be  snuff  remaini  red-hot,  it  instantly  rc- 
kindleii,  with  a  slight  explosion. 

A  red-hot  bit  of  charcoal,  fastened  to  a  copper  wire,  and  inunerBed  in  the  gas 
throws  out  beautiful  tfparks. 

The  light  of  phosphorus,  burnt  in  this  gas,  is  one  of  the 
brightest  that  can  be  in  any  mode  produced. 

Let  the  phosphorus  be  placed  in  a  smaU  hemispherical  tin  cop,  wbioh  nay  be 
raised  by  means  of  the  wire  stand,  fig.  36,  two  or  three  incbeaabove  the  surface 

— ^■^~— ■ — ■ — ■ ' — ' —  '  ^  — ■ 

*  Its  BpecLfie  grAvily  aoeoxdiog  to  the  lateit  wpsrimsiitB  of  Thonsen,  is  l|Ullt  Uiat  of  comnoa  s^ 
bong  taken  as  1* 


and  eombos- 
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of  water  contained  in  a  broad  f  hajlow  dwb.    Frll  a  bell-tbaped  receiver,  haviog  Combmtion 
an  open  neck  at  tbe  top,  to  whicb  a  stopper  it  ground,  with  oxygen  gai ;  and,  of  pboipho- 
■a  it  sfandf  inverted  in  water,  prera  a  circular  piece  of  pasteboard,  ratiier  ">>• 
exceeding  the  jar  in  diameter,  over  its  mouth.    Cover  tbe  phosphorus  instantly  pi.  % 
with  the  jar  of  oxygf  n  gas,  retaining  the  pasteboard  in  its  place,  til)  the  jar  is 
immediately  over  the  cup.      When  this  bat  been  skilfully  managed,  a  very 
•mall  portion  only  of  the  gas  will  escape.    Tbe  stopper  may  now  be  removed, 
when  tbe  water  will  rise  to  tbe  same  level  within  as  without  the  jar,  and  tbe 
phospbonis  may  be  kindled  by  a  heated  copper  wire. 

Substitute  for  tbe  phosphorus  a  small  ball  formed  of  turnings  of  zinc,  in  ^ 
which  about  a  grain  of  phospboros  is  to  be  enclosed.    Set  fire  to  the  phospbo-     '^ 
ras  as  before.    The  zinc  will  be  inflamed,  and  will  burn  with  a  beautiful  white 
light.    A  similar  experiment  ma^  be  made  with  metallic  arsenic,  which  may  be  »^"^,f,v 
moistened  with  spirit  of  turpentine.    The  filings  of  various  metals  ma}'  also  be  ^    ^^^*9J9' 
indaned,  by  placins  them  in  a  small  cavity,  formed  in  a  piece  of  charcoal, 
igniting  the  charcoal,  and  blowing,  on  the  part  containing  the  metal,  a  stream 
of  oxygen  gas  from  a  bladder,  or  the  gas-holder,  fig.  C6,  d, 

l*rocnre  some  thin  harpsichord  wire,  and  twist  it  round  a  slender  rod  of  iron  {•«>. 
or  glass,  so  as  to  coil  it  up  in  a  spiral  form.  Then  withdraw  the  rod,  and  tie 
•  little  thread  or  flax  round  one  end  of  tbe  wire,  for  about  one  SOth  of  an  inch ; 
which  end  is  to  be  dipped  into  melted  sulphur.  The  other  end  of  the  wire  is 
to  be  fixed  into  a  cork ;  so  that  the  spiral  may  hang  vertically  (fig.  78).  Fill, 
alto,  with  oxygen  gas,  a  bottle  capable  of  holding  about  a  quart,  and  set  it  with 
its  mouth  upwards.  Then  light  tbe  sulphur  and  introduce  the  wire  into  the 
bottle  o#  gas,  suspending  it  by  tbe  cork.  The  iron  will  burn  with  a  most  bril- 
liant light,  throwing  out  a  number  of  sparks,  which  fall  to  the  bottom  of  the 
bottle,  and  generally  break  it.  This*  accident,  however,  may  frequently  be 
prevented  by  pouring  sand  into  tbe  bottle,  so  as  to  lie  about  half  an  inch  deep 
00  the  bottom.  According  to  Mr  Accum,*  a  thick  piece  of  iron  or  steel,  such 
as  a  file,  if  made  sharp  pointed,  may  be  burnt  in  oxygen  gap.    A  small  bit  of  -^ 

wood  is  to  be  stuck  upon  its  extremity,  and  set  on  fire,  pravlously  to  immersion 
in  tbe  gas. 

A  little  of  Homberg's  pyropbonis,  a  substance  to  be  hereafter  described,  ^j^ 
when  poured  into  a  bottle  full  of  this  gas,  immediately  fla»hes  like  inflamed 
gunpowder.     H.  1.  208. 

293.  Daring  every  combustion  in  oxygen  gas  it  suffers  a  con-  oxx«ea  di- 
siderable  diminution.t     The  fact  may  be  shown,  by  the  com-  "ni?'*^bS!* 
bustion  of  phosphorus,  in  the  manner  which  has  been  already  tion. 
described.    The  first  effect  of  the  combustion  will  be  a  depres- 
sion of  the  water  within  the  jar ;  but  when  the  combustion  has 
ceased,  and  the  vessel  has  cooled,  a  considerable  absorption  will 
be  found  to  have  ensued. 

Those  persons  who  are  possessed  of  a  mercurial  apparatus  may 
repeat  this  experiment  in  a  less  exceptionable  manner. 

On  tbe  surface  of  the  quicksilver,  let  a  small  hemispherical  cup  float,  made 
of  untinned  sbeet-iron ;  and,  in  order  to  keep  it  from  the  sides  of  the  jar,  it 
XDay  rest  on  a  wire  stand,  shaped  like  the  figure  21.  Let  a  jar,  the  height  and  pi.  s, 
diameter  of  which  must  be  regulated  by  the  size  of  the  mercurial  trough,  be 
filled  with  oxygen  gas  over  water  and  be  removed,  by  means  of  a  piece  of 
pasteboard,  as  before  described,  to  the  mercurial  bath,  inverting  it  dexterously 
OTer  the  tin  cup.  If  the  phosphorus  had  been  previoutly  set  on  fire,  a  large 
quantity  of  the  gas,  expanded  by  the  heat,  would  have  escaped,  and  would 
limve  prevented  the  accurate  measurement  of  the  absorption.  After  dryhig  the 
•orface  of  the  mercury  within  tbe  jar  b^  blotting  paper,  a  portion  of  tbe  included 
gas  most,  therefore,  be  removed.    Tbit  is  done  by  an  inverted  eyphon,  one  leg 


*  Nloboltoa*!  JnuTuU^Bvo.  i*  3S0. 

t  To  exlnbit  Uiis,  experimeotally,  in  a  manner  pntecHy  froo  from  all  soarcet  of  error,  would  require 
_  >ek  m  epparstiM  at  few  beside  adepu  id  ehemittry  are  likely  to  poneaf.  The  epjmntus  reqttir<IQ 
nt  thir«iipof»  is  dflscribed  in  tte  9QL«hap«»r  ef  ^aTeisier*i  Ettrntntif^ 
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of  whiofa  it  to  be  introdaced  (in  the  lame  manner  u  ii  thown  at  fi|^.  79|  g) 
within  the  jar,  before  plaohig  it  over  the  meroary ;  and  the  gat  will  bb  forced 
through  the  open  eztremtCy  of  the  other,  when  the  jar  it  pretted  down  into  the 
quicbilTer.  When  the  proper  qaantity  has  been  expelled,  remore  the  typfaon. 
The  cup  containing  the  photpborat,  will  thot  rett  on  the  tnrface  of  the  quick- 
tilver  within  the  jar,  and  aboTe  the  leTel  of  the  meronry  without.  The  phoe- 
phomt  it  to  be  inflamed  by  patting  a  crooked  kmi  wire,  made  red  hot,  through 
the  qoicktilver*  On  the  ftrtt  imprettion  of  the  heat,  arising  from  itt  combuttion, 
the  included  gat  will  be  considerably  expanded ;  but,  when  the  phosphomt 
has  ceased  to  burn,  a  contiderable  abtorption  will  be  fonnd  to  bare  taken 
place,  the  amount  of  which  may  be  measured  by  ascertaining  the  height  of 
the  quicksilver,  within  the  jar,  before  and  after  the  experiment  The  quantity 
of  phof  phorus  employed  should  be  Terr  tmall,  and  thould  not  bear  a  greater 
proportion  than  that  of  10  graint  to  each  pint  of  gat;  otherwtte  the  combuttion 
will  go  on  to  far  at  to  endangef  the  breaking  of  the  jar,  by  the  approach  of  the 
inflamed  phosphorus. 

lo  this  process,  a  white  dense  vapour  is  produced,  which 
condenses  on  the  inner  surface  of  the  jar  in  soiid  flakes.  This 
substance  has  strongly  acid  properties ;  and,  being  formed  hy 
the  union  of  oxygen  with  phosphorus,  is  termed  the  phosphoric 
acid. 

294.  The  diminution  of  the  volume  of  oxygen  gas,  by  the 
combustion  of  other  bodies,  may  be  ascertained  in  a  iimilar 
manner.  When  the  substance  employed  is  not  easily  set  on 
fire,  it  is  proper  to  enclose,  along  and  in  contact  with  it,  a  small 
bit  of  phosphorus,  the  combustion  of  which  excites  sufficient 
heat  to  inflame  iron-turnings,  charcoal,  &c.  In  the  instance  of 
charcoal,  however,  though  that  substance  undergoes  combus- 
tion, no  absorption  ensues;  because,  as  will  appear  in  the  sequel, 
the  product  is  a  gas,  occupying  exactly  the  same  bulk  as  the 
oxygen  gas  submitted  to  experiment.     H.  1.  210. 

295.  The  phenomena  of  combustion  were  referred  by  Stahl 
and  his  associates,  to  a  peculiar  principle  which  they  called 
phlogieion  ;  it  was  supposed  to  exist  in  all  combustibles,  and 
combustion  was  said  to  depend  upon  its  separation ;  but  this 
explanation  was  absurdly  at  variance  with  the  well-known  fact, 
that  bodies  during  combustion  increase  in  weight. 

296.  All  bodies,  by  combustion  in  oxygen  gas,  acquire  an 
addition  to  their  weight ;  and  the  increase  is  in  proportibn  to 
the  quantity  of  gas  absorbed,  viz.  about  one  third  of  a  grain  for 
every  cubic  inch  of  gas. — ^To  prove  this  by  experiment,  requires 
a  complicated  apparatus.  But  sufficient  evidence  of  this  fact 
may  be  obtained  by  the  following  very  simple  experiment. 

Fill  the  bowl  of  a  tobacco-pipe  with  iron  wire  coiled  spirally,  and  of  known 
weight :  let  the  end  of  the  pipe  be  slipped  into  a  bratt  tube,  which  it  tcrewed 
to  a  bladder  filled  with  oxygen  gat :  heat  the  bowl  of  the  pipe,  and  itt  contents, 
to  rednett  in  the  fire,  and  then  force  through  it  a  ttream  of  oxygen  gat  from 
the  bladder.  The  iron  wire  will  bum  ;  will  be  rapidly  oxidised  ;  and  will  be 
found,  when  weighed,  to  be  considerably  heavier  than  before.  When  com* 
pletely  oxidited  in  this  mode,  100  parts  of  iron  wire  gain  an  addition  of  about  90. 

297.  After  the  discovery  of  oxygen  gas,  it  was  adopted  by 
Lavoisier  as  the  universal  supporter  of  combustion.  The  basis 
of  the  gas  was  supposed  to  unite  to  the  combustible,  and  the 
beat  and  light  which  it  before  contained  in  the.  gaseous  state. 
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were  said  to  be  eyolyed  in  the  fonn  of  flame.    Bat  in  this  ease, 
aeveral  roquisites  are  not  fulfilled  ;  the  light  depends  upon  the  faMffleiwt. 
eombustible,  and  not  upon  the  quantity  of  osygen  consumed ; 
and  there  are  very  numerous  instances  of  combustion  in  which 
oxygen,  instead  of  being  solidified,  becomes  gaseous  during  the 
operation ;  and*  lastly,  in  others,  no  osygen  whatever  is  pre* 
sent     Combustion,  dierefore,  cannot  be  regarded  as  dependent  ^f'te^'^ 
upon  any  peculiar  nriociple  or  form  of  matter,  but  must  be  con-  ^La  ^ 
sidered  as  a  general. result  of  intense  chemical  action.    It  may  SlI^lS'^ 
be  connected  with  the  electrical  eneigies  of  bodies ;  for  all  ^^^ 
bodies  which  powerfully  act  upon  eaeh  other,  are  in  the  oppo* 
site  electrical  states  of  positive  and  negative ;  and  the  evolutioa 
of  heat  and  light  may  depend  upon  the  annihilation  of  these 
opposite  states,  which  happens  whenever  they  combine.    B. 

298.  The  substances,  capable  of  uniting  with  oxygen,  afford  ?!^,||^ 
one  or  other  of  the  fbllowing  products ;  1st,  an  acid  ;  2dly,  an     ''^*^* 
alkaU  or  earth  ;  or  Sdly,  an  oxide. 

899.  The  name  oxygen,  firom  ^^  add  and  ymim  I  ^enerate^ 
was  prq;iosed  by  Lavosier,  from  the  supposition  that  it  was  the 
sole  cause  of  acidity.  But  oxy^gen  is  not  essential  to  the  acidity  ggig^  ^ 
of  a  compound,  for  some  bodies  are  rendered  acid  by  union  Sty. 
with  chlorine,  others  by  hydrogen ;  and  the  theory  of  Lavoisier 
which  considered  oxygen  as  the  essential  principle  of  aciditv, 
can  no  longer  be  received  as  correct*  The  alkalies  and  earths 
are  chiefly  distinguished,  by  acting  as  bases,  with  which  the 
aeids  oombine,  with  the  loss  genenJly  of  the  separate  characters 
of  each  (43).  The  alkalies  are  soluble  in  water,  and  change 
some  vegetable  blue  colours  to  green ;  and  the  earths  are  either 
not  soluble  at  all  or  sparingly  soluble  in  that  fluid.  In  some 
respects  the  alkalies  ifgree  with  the  3d  class  of  compounds,  viz. 

oxides. 

In  many  instances,  a  combustible  body,  which  afibrds  an  acid 
when  united  with  a  certain  quantity  of  oxygeoi  gives  an  oxide 
when  combined  with  a  less  quantity ;  and  the  acid  may  be 
broog^it  back  to  the  state  of  an  oxide  by  senarating  part  of  its 
oxyeen.  A  few  of  the  metals  also,  combinea  with  a  small  pro- 
portion of  oxygen,  give  oxides  capable  of  uniting  with  acids 
and  of  comp<|sin^  ealtSf  and  again  united  with  more  oxygen 
yield  an  aeid  which  is  susceptiUe,  with  alkalies  and  earths,  of 
forming  saline  compounds*.    H.  1.  212. 


•Thii«Wito]iltto4Mbt,thitth#kMtMw«B  m  «to  liffal,  hM  Us  oi%ia  pwtljr  from  tlit  «sjf«B 
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Sectioit  III.     0/  Chlorine.  • 

300.  Chlorine  was  discovered  by  Scheele  in  1774 ;  it  was 
called  by  him  dephlogisiicated  tnarine  acid.  The  term  oxy" 
muriatic  acid  was  afterwards  applied  to  it  by  the  French 
chemists. 

301.  Chlorine  gas  may  be  formed  by  either  of  the  folbwing 
processes : 

1.  Into  a  stoppered  retort  introduce  eight  ounces  of  liquid 
muriatic  acid,  sp.  gr.  1,160|  and  four  ounces  of  finely  powdered 
manganese,  and  apply  the  heat  of  a  lamp.  A  gas  will  be  pro- 
duced which  may  be  received,  in  the  usual  manner  over  water, 
of  the  temperature  of  80^  or  90^.  From  these  materials  about 
160  cubical  inches  may  be  obtained. 

2.  Grind  together  in  a  mortar  eight  ounces  of  muriate  of  soda 
(comtoon  salt)  with  three  ounces  of  powdered  manganese  ;  put 
them  into  a  stoppered  retort,  and  pour  on  them  six  ounces  of 
sulphuric  acid,  which  have  been  diluted  previously  with  four 
ounces  of  water,  and  suffered  to  cool  after  dilution.  On  apply- 
ing  a  gentle  heat,  gas  will  be  produced,  as  in  process  1.  But 
as  the  gas  is  absorbed  by  contact  with  cold  water,  though  not 
rapidly,  it  should  be  received,  when  it  is  intended  to  be  kept,  in 
bottles  filled  with,  and  inverted  in,  water  of  the  temperature  of 
80^  or  90^  li'ahrenheit,  and  provided  with  accurately  ground 
stoppers.  It  will  be  found  also  much  to  diminish  the  Toss  of 
gas  by  absorption,  if  it  be  made  to  issue  from  a  gas  bottle,  the 
tube  of  which  is  sufficiently  long  to  reach  nearly  to  the  bottom 
of  the  inverted  receiving  bottle,  as  in  fig.  80.  The  stopper 
must  be  introduced  under  water,  while  the  bottle  remains  quite 
full  of  the  gas  and  inverted,  and  no  water  must  be  left  in  the 
bottle,  along  with  the  gas.* 

30)3.  Chlorine*  is  an  elastic,  gaseous  fluid,  it  has  a  pungent 
disagreeable  odour,  and  is  highly  injurious  when  respired  even 
largely  diluted  with  atmospheric  air.  When  the  hand  b  im- 
mersed in  the  gas  a  distinct  sensation  of  heat  is  perceived.  Its 
colour  is  greenish  yellow,  hence  its  name.t 

303.  Chlorine  gas,  in  its  ordinary  state,  destroys  all  vegetable 
colours.  This  may  be  shown  by  passing,  into  the  gas  confined, 
by  water,  a  piece  of  paper  stained  with  litmus,  the  colour  of 
which  will  immediately  disappear.  Hence  the  application  of 
this  gas  to  the  purpose  of  bleaching,  its  power  of  effecting 
which  may  be  shown  by  confining,  in  the  gas,  a  pattern  of 
unbleached  calico,  which  has  been  previously  boiled  in  a  weak 
solution  of  caustic  potassa,  and  then  washed  in  water,  but  not 
dried.     Chlorine  gas,  however,  which  has  been  carefully  dried 


*  lo  KmM  dioaiical  works  the  proportioiM  of  1  port 
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by  solid  chloride  of  calcium^  and  into  which  perfectly  dry  lit- 
mus paper  is  introduced,  produces  no  change  of  colour  in  the 
Jitmusy  a  sufficient  proof  that  its  bleaching  power  depends  on 
the  presence  and  decomposition  of  water.     H.  1.  215. 

304.  Dry  Chlorine,  is  not  condensable  by  a  cold  of — 40^  F. ; 
but  either  the  moist  gas,  or  a  solution  of  chlorine  in  water, 
crystallizes  at  +  40.  The  crystals  may  be  obtained  by  intro- 
ducing into  a  clean  bottle  of  the  gas,  a  little  water,  and  exposing 
the  bottle  for  a  few  days  to  a  temperature  at  or  below  freezing, 

in  a  dark  place.  A  solid  compound  of  chlorine  and  water  is  Hydraiaor 
formed,  which,  in  a  day  or  two,  sublimes  and  shoots  into  delicate  ^^"^ 
prismatic  needles,  extending  from  half  an  inch  to  two  inches 
into  the  atmosphere  of  the  bottle.  When  these  crystals  are  put 
into  alcohol,  they  increase  its  temperature  8^  or  10^,  a  rapid 
action  takes  place,  with  the  formation  of  much  ether  and 
muriatic  acid,  and  a  small  proportion  of  a  triple  compound  of 
chlorine,  hydrogen,  and  carbon.  These  crystals  are  composed, 
according  to  Mr  Faraday,  of  36  or  1  atom  of  chlorine  +  90  or 
10  atoms  water. 

305.  Under  the  pressure  of  about  four  atmospheres  Mr  Fara-  ij^'^artwo 
day  discovered  that  chlorine  is  a  limpid  liquid  of  a  bright  yellow  ^       "^ 
colour,  which  does  not  freeze  at  the  temperature  of  zero,  and 
which  assumes  the  gaseous  form  with  the  appearance  of  ebulli- 
tion when  the  pressure  is  removed.* 

306.  When  chlorine  is  suddenly  and  considerably  condensed 
by  mechanical  pressure,  not  only  heat  is  evolved,  as  from  all 
other  gases,  but  it  emits  a  weak  violet  coloured  light  also.  It 
IS  not  altered  by  exposure  to  very  high  temperatures.  By 
means  of  the  apparatus,  fig.  43,  Sir  H.  Davy  exposed  it  to  the  pls. 
continued  action  of  charcoal  intensely  ignited  by  Voltaic  elec-  unaiteTe4  !■ 
iricity,  without  the  smallest  change  in  its  properties.  ^*'^"''''**' 

A  gltM  glolM  o,  of  ikboot  four  inchet  diameter,  has  at  it«  upper  part  a  slidio^  ^. 
wire  paiting  air-tijcht  through  a  ground  collar  b,  to  the  lower  end  of  which  is  ^' 
attached  a  piece  of  well  burned  charcoal  e :  at  the  bottom  is  a  stop-cock  sup- 
porting a  pair  of  brass  pincers,  in  which  is  another  pointed  piece  of  charcoal  c  ; 
theglolM  If  exhausted  upon  the  air-pump,  filled  with  chlorine,  and  the  stop-cock 
d  and  sliding  wire  e  attached  to  the  extremities  of  the  Voltaic  apparatus ;  the 
cbarooel  points  are  then  brought  into  contact  by  pushing  down  the  upper  wire, 
mad  they  are  thus  retained  as  long  as  necessary  in  intense  ignition.    B. 

307.  Chlorine  is  heavier  than  common  air.     Its  specific  grav-  speniie 
ity  is  (according  to  Dr  Thomson)  2^  5,  (air  =1)  which,  taking  c^"^- 
his  statement  of  the  sp:  gr.  of  hydrogen,  viz.  0,0694  would 
make  it  36  times  the  weight  of  hydrogen.     100  cubic  inches 
weigh  76,  25  grains.    T. 

303.  At  the  temperature  of  60^,  water  dissolves  or  absorbs  Abwrbeaky 
two  volumes  of  chlorine.     The  best  method  of  eflfecting  the  ^*^* 
impregnation  of  water  with  this  gas  is  by  means  of  a  Woulfe's 


*  BMt0n  J0m'.  tf  fkUot'  vok  ii  p.  5IC. 
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apparatus,  (fig.  81)*  the  bottles  being  surrounded  by  ice-cold 
water. 

309.  The  watery  solution  if  perfectly  free  from  common  mu- 
riatic acid,  has  not  the  usual  taste  of  an  acid,  but  an  astringent 
one.  Its  purity  from  muriatic  acid  may  be  ascertained  by  a 
solution  of  nitrate  of  mercury ^  which  is  not  precipitated  by  pure 
chlorine. 

The  watery  solution  has  the  colour  and  peculiar  smell  of  the 
gas,  and  has  a  similar  property  of  discharging  vegetable  colours. 
Hence  it  may  be  employed  in  bleaching. 

This  may  be  illustrated  by  placing  a  few  strips  of  dyed  linen 
cloth  of  different  colours  in  a  solution  of  chlorine,  the  colours 
will  soon  be  discharged. 

When  the  watery  solution  of  chlorine  is  exposed  to  a  tempe- 
rature only  a  little  above  that  of  freezing  water,  the  gps,  which 
is  combined  with  it,  separates  in  the  form  of  a  liquid,  heavier 
than  water. 

.  310.  Chlorine  is  not  altered  by  the  temperature  of  boiling 
water ;  for  its  solution  may  be  raised  in  distillation,  and  again 
condensed  without  change. 

311.  Placed  in  the  current  of  the  electric  fluid,  the  chlorine, 
and  the  oxygen  of  the  water,  arrange  themselves  at  the  positii'e, 
and  the  hydrogen  at  the  negative  pole. 

312.  Chlorine  has  a  very  powerful  attraction  for  bydroseD, 
and  many  of  the  chemical  phenomena  to  which  chlorine  gives 
rise,  are  owing  to  this  property.  A  striking  example  is  its 
power  of  decomposing  water  by  the  action  of  light,  or  at  a  red 


*  In  BC-yeral  iniitaxicei,  the  sulwUmce  rsiaed  by  duUllation  is  partly  a  condonaible  Uqud,  and  partly 
a  gas,  whicJi  ia  nut  condenaed,  till  it  ia  brouf  bt  into  contact  with  water.  To  efleot  diii  doubla  parpoae, 
^onUb'f  ft  aeiiea  of  raeniven,  termed  IVmifti't  ofpanaus^  is  employed.  The  fliat  teeeiver  (I,  flf  .  SI)  ham  a 
Jipparatui.  rigbl-anf  led  glaas  tube,  open  at  both  ends,  fixed  into  iu  tubvlwe ;  aad  tbt  other  eslremity  of  the  tab« 
ia  made  to  terminate  beneath  tlie  lurface  of  distilled  water,  contained,  as  high  as  the  horixontai  dotted 
line,  ic  the  three-necked  bottle  e*  From  another  neck  of  this  bottle,  a  eeeood  pipe  proceeds,  which 
ends,  like  the  first,  under  water,  contained  hi  a  aecood  boCSe  dl  To  the  central  neek,  a  eCrught  tafca 
opra  at  buth  ends,  b  fixed,  so  that  Ha  lower  end  may  be  a  Kttle  beneath  the  sorfhce  of  the  Bqaid.  Of 
these  bottles  any  namber  may  be  employed  tfiat  is  thought  necessary. 

The  materials  being  introduced  into  the  retort,  the  arrangement  completed,  and  fhe  joints  secwed, 
Ae  distillation  is  begun.  The  condensable  Tapour  eaUeets  in  a  liquid  form  in  the  ballooo  k,  whSo  the 
•volved  gas  passes  through  the  bout  pipe,  beneath  tiia  inrfaea  of  tha  water  in  a,  wUeh  ceMinoes  la 
absorb  it  till  satuimted.  When  -the  water  of  the  first  boCda  can  abaoih  no  more,  tha  gaa  paswe, 
HBOondenaed,  through  tha  second  ri^t-ai^ad  tube,  into  the  water  of  the  second  bottle,  wliieh,  in  ile 
turn,  becomes  saturated.  Any  gaa  that  may  be  produced,  wtiich  is  not  absorbable  by  water,  aseapca 
through  the  bent  tube  e,  and  may  be  collected,  if  neoeasary. 

Suppoeiog  the  bottles  to  be  destitataof  the  nuddlenaeka,  and,'cioiisei|oently,  withaqt  tha  paipaadicular 
tpboai  the  proeesi  wouM  be  liabto  to  be  iaterrapted  by  an  accident :  for  if,  in  consaqoenoe  of  a  dinda- 
Ished  temperature,  an  abaorption  or  condensation  of  gas  ahoald  take  plaoe,  in  the  retort  a,  and,  ef 
eoorse,  in  the  balloon  &,  it  must  nenessarily  ensue  that  the  water  of  tha  bottlee  a  and  d  would  be  forced, 
by  the  preesure  of  the  atmosphere,  iqto  the  balloon,  and  pnsalbly  taitu  the  retort;  hot,  with  the  addition 
of  the  central  tabee,  a  sufllolent  qoantity  of  air  niahea  through  them  ta  aappty  any  aoeideDtal  ▼acoam. 
This  ineonTOBience,  however,  is  still  more  couToniently  obviated  by  Welther's  tnbe  of  safoiy  (fig.  88  h, 
«,)  which  anpersedes  the  expediency  of  three-neeked  bottles.  The  apparatus  being  adjustei,  as  shown 
by  the  figure,  a  email  quantity  of  water  ia  pouiad  into  the  funnel,  so  as  to  about  half  fill  tha  ball  h. 
When  any  abaorption  happens,  the  fluid  riaea  in  the  ball,  till  none  remainB  in  the  tube,  when  a  quan- 
tity of  air  immediately  mshes  ia.  On  the  other  hand,  no  gaa  can  aaeapa,  because  any  piassuio  from 
within  is  instantly  followed  by  the  formation  of  a  high  oolnma  of  liquid  in  tha  paipendicniar  part, 
which  lesista  the  agrees  ef  gas.— A  convenient  tpparatoa  for  this  and  ainllaf  poipOMa  la  daearibad  in 
Bvewitar's  JEdia*  Jaar.  vfii.  p.  3> 
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heat ;  and  most  compound  sobatancea  of  which  hydrogen  is  an 
element,  are  deprived  of  that  principle,  and  therefore  decern- 
posed  in  a  like  manner.  For  the  same  reason  when  chlorine, 
water,  and  some  other  bodf,  which  has  a  strong  affinity  for  oxy- 
gen, are  presented  to  one  another,  the  water  is  resolved  into  its 
elements,  the  hydrogen  attaches  itself  to  the  chlorine,  and  the 
oxygen  to  the  other  body.  Hence  chlorine  is  indirectly  one  of 
the  most  powerful  oxidizing  agents. 

313.  When  a  burning  taper  is  immersed  in  ajar  of  chlorine,  Kip. 
the  flame  becomes  red,  a  dense  smoke  arises,  and  the  taper  is 

soon  extinguished.  Phosphorus,  and  several  of  the  metals,  union  m^ 
when  in  a  finely  divided  state,  are  spontaneously  ignited  by  ~°^  "* 
chlorine  and  bum  in  it  with  much  brilliancy.*  In  these  cases 
binary  compounds  result,  some  of  which,  like  those  of  oxygen, 
are  possessed  of  acid  properties  :  others  are  not  acid :  and  such 
compounds  with  oxygen  being  called  oxides,  tbose  which  chlo- 
rine forms  may  be  termed  chlorides. 

314.  Chlorine  is  employed  with  advantage  for  the  purpose  of 
fumigation,  and  destroying  the  volatile  principles  given  off  by 
putrefying  animal  matter. 

315.  The  presence  of  chlorine  may  be  detected  by  a  solution  Howdeieet. 
of  nitrate  of  silver  (lunar  caustic)  which  occasions  a  dense  white  ^ 
precipitate  (chloride  of  silver)  which  becomes  dark  on  exposure 

to  light,  is  insoluble  in  acids  and  dissolves  in  pure  ammonia. 

316.  Chlorine  was  once  regarded  as  composed  of  oxygen  and  Fomerij 
muriatic  acid,  a  fallacy  arising  from  the  presence  of  water,  and  Vwm^^!o£ 
which  will  be  rendered  more  iotelligible  under  the  head  Muri- 
atic acid, 

317.  Chlorine  and  Oxygen.-^CYAovxn^  unites  with  oxygen 
in  four  diflerent  proportions.  Th6  leading  character  of  these 
compounds  is  derived  from  the  circumstance  that  chlorine  and 
oxygen,  the  attraction  of  which  for  most  elementary  substances 
is  so  enei^tic,  have  but  a  feeble  affinity  for  each  other.  Their 
union  is  however  regulated  by  the  law  of  definite  proportions ; 
as  appears  from  the  following  table. 

Chlorine.  Oxygen* 

Protoxide  of  Cbloriao    «    •    •    .    •    36  or  1  atom      8  or  1  atom 

Peroxide  of       ^*  .    .    •    •    •    36  ^^  32  or  4  atoms 

Chloric  Acid 36  "*  40  or  6     '< 

Perchlorio  Acid 36  ««  56  or  7     «« 

318.  Protoxide  of  Chlorine^  or  Eimhlorine. — When  chlorate  Enehieriae 
ef  potassa  (a  salt  which  will  be  afterwards  described)  is  distilled,  **'* 

at  a  gentle  heat,  with  weak  muriatic  acid,  a  gas  may  be  collect- 
ed over  mercury,  which  is  found  to  diflfer  essentially  from  chlo- 
rine. Its  colour  has  a  dense  tint  of  brilliant  yellow  green ;  and 
its  smell  resembles  that  of  burnt  sugar,  mixed  with  the  peculiar 
smell  of  chlorine.  Water  takes  up  eight  or  ten  times  its  volume^ 
and  acquires  an  orange  tint  It  has  been  called  by  its  discov- 
erer, sir  H.  Davy,  Euchloric  gas,  or  simply  Euchlorine. 
6ay-Lussac  has  proposed  for  it  the  name  of  oxide  of  chlorine; 

*  Tht  lampenniM  af  ftt  |«  ih^niM  not  be  much  below  70°  Fahrmbojr. 
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but  it  may 5  with  more  propriety,  be  called  Protoxide  qf  Chlo* 
rine. 

319.  Protoxide  of  chlorine  is  generally,  if  not  always,  best 
made  in  a  tube  retort,  formed  from  a  piece  of  plain  glass  tube, 
about  half  an  inch  in  diameter,  two  or  three  inches  «n  length, 
according  to  circumstances,  and  closed  at  one  end.  The  mouth 
should  be  fitted  with  a  good  perforated  cork,  having  a  small  tube 
fixed  into  it,  which,  after  proceeding  about  an  inch  upwards  from 
the  cork,  is  to  turn  off  nearly  at  right  angles  for  about  three 
inches,  and  then  return  to  its  first  direction  for  about  the  eighth 
of  an  inch.  This  piece  of  tube  is  the  neck  of  the  retort,  whilst 
the  wide  short  piece  is  the  body  ;  the  latter  having  received  its 
charge,  the  cork  is  to  be  put  in  and  made  tight  by  cement,  when 
the  distillation  may  be  proceeded  with,  and  the  gas  evolved  and 
collected.* 

320.  By  producing  this  gas  in  strong  glass  tubes  hermeti- 
Liqo«&ctioD.  cally  sealed,  the  unoccupied  end  of  the  tube  being  cooled  to  0^ 

F.  Mr  Faraday  obtained  it  in  the  form  of  a  very  transparent 
liquid  of  a  deep  yellow  colour,  which  was  suddenly  and  violently 
converted  into  gas  on  relieving  the  pressure.! 

321.  Protoxide  of  chlorine  explodes  by  a  gentle  heat,  applied 
to  the  vessel  which  contains  it.  In  almost  all  cases  of  vivid 
combustion,  there  is  a  condensation  of  the  bodies  which  unite  ; 
but  in  the  decomposition  of  this  gas  by  heat,  we  have  the 
remarkable  phenomenon  of  an  explosion,  accompanied  with 
heat  and  light,  and  yet  with  an  expansion  of  the  elements  which 
are  separated  from  each  other.     H.  1.  SI 7. 

It  may  be  analyzed  by  heating  a  known  quantity  of  it  in  a 
strong  tube  over  mercury.  An  explosion  takes  place  ;  and  50 
of  the  gas  expand  to  60  measures,  20  of  which  are  oxygen,  and 
40  chlorine.  The  specific  gravity  of  a  gas  so  constitute4  must 
be  2,444,  and  its  composition  by  weight  is,  chlorine  36  -|-  oxygen 
8.     The  weight  of  its  atom  is  consequently  44. 

When  detonated  with  twice  its  volume  of  hydrogen  gas,  there 
is  a  condensation  of  more  than  two-thhrds  of  the  mixture,  and 
liquid  muriatic  acid  is  formed. 
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*  In  referaoca  to  the  diitUUtioo  of  this  fu  ud  of  all  other  ezploaiye  mihrtanees,  the  ■todeot. 
■hottld  be  aware  of  the  caution  reqoired  to  proTeat  aooideott,  in  case  exploeton  eboold  ocour>  When- 
ever mich  an  efi^t  'u  probable  the  renel  should  be  lunoanded  wi<S  t  jw  or  oloth,  that  if  it  break  the 
flra^enla  may  be  retained ;  and  darinf  diitillatioa  the  aida  of  tLe  appantns,  or  that  part  whioh  it 
guarded  by  the  tow,  h  to  be  tamed  towards  the  eyes,  that  they  ^t  least  may  be  out  of  daofer.  It  ii 
not  easy  to  wrap  tow  regularly  and  tightly  round  a  clean  glass  tube,  from  its  tendency  to  slip  orer  the 
surfaco ;  but  the  difficulty  is  easily  obriatod,  by  rubbing  the  outside  oT  the  tube  with  soft  cement,  or 
a  very  little  turpentine  with  a  piece  of  tow  or  cloth,  so  as  to  render  U  dightly  adhesive  to  the  ftaagpa. 
Farailay  p.  409. 

Prof.  S;lUman  prefers  placing  the  materials  for  prodoeing  the  gas  in  a  amaU  glass  flask  furnished 
witJi  a  tube  bent  twice  at  right  angles,  and  paasing  to  the  bottem  of  any  clean  dry  phiaU  flask,  or  tube, 
rather  deep  with  a  narrow  neck,  a  gentle  boat,  applied  beneath  the  flask,  soon  disengages  the  enchlo- 
rine  gas,  which,  by  its  great  weight,  displaces  the  common  air  from  the  recipient,  and  takes  its  place. 
By  using  tongs,  properly  carved,  so  as  to  embrace  the  phials  or  tubes  filled  with  the  gas,  the  operator 
may  perform  all  the  necessary  exjiorinients,  withovt  daogei  of  causing  an  fxploiioD  by  the  warmth  sf 
the  hand     J9mcr.  Jour.  vi.  Itt9« 

t  Pkil,  Trwt.  H^ 


«CT.  III.       Per-oxide  of  Chlonnt—Cklofic  Acid.  Vib 

881.  Mereary  has  no  action  on  the  protoxide  of  chlorine  at  propertier. 
common  temperatures,  antimony  and  copper  burn  in  it,  if  intro- 
duced previously  heated.  Sulphur  and  phosphorus  decompose 
it;  and  charcoal,  already  ignited,  burns  in  it  with  a  dull  red  light 
JNitrous  gas  condenses  it  with  red  fumes.  It  destroys  vegetable 
colours ;  but  first  gives  the  blue  a  tint  of  red. 

333.  PerHmde  qf  CAibrtne.— ^The  per-^zide  of  chlorine  was  Peroxide  of 
discovered  by  Sir  H.  Davy  in  1815,*  and  soon  after  by  Count  *****'*•* 
Stadion  of  Vienna,t  it  is  formed  by  the  action  of  sulphuric  acid 
on  the  chlorate  of  potaasa. 

384*  To  procure  it,  50  or  60  grains  of  the  powdered  chlorate  >^o^  ?<' 
of  potassa,  are  to  be  mixed  with  a  small  quantity  of  concentrated  ^  '"^^^' 
aulpfaaric  acid.  When  thoroughly  incorporated,  a  solid  mass 
will  result,  of  a  bright  orange  colour.  This  is  to  be  introduced 
into  a. very  small  retort  of  glass,  or  a  bent  tube,  which  is  to  be 
etposed  to  the  heat  of  water  gradually  warmed,  but  prevented 
from  attaining  the  boiling  point,  by  an  admixture  of  spirit  of 
wine.  The  gas  may  be  received  over  mercury,  on  which  it  has 
no  aetUMi  at  common  temperatures. 

3B5.  It  has  a  lively  yellow  colour,  much  more  brilliant  than  rraperti<». 
that  of  the  protoxide ;  is  much  more  rapidly  absorbed  by  water ; 
and  has  a  peculiar  aromatic  smell,  not  mixed  with  any  smell 
of  chlorine.  According  to  Davy,  it  destroys  vegetable  blue 
colours,  without  first  reddening  them  ;  but  Count  Stadion 
asserts,  that  it  does  not  change  blue  paper.  When  heated  to 
about  the  temperature  of  212^  Fahrenheit,  or,  according  to 
Count  Stadion,  to  between  113^  and  114^,  it  explodes  with 
more  violence,  and  a  greater  expansion  of  volume,  than  the 
protoxide,  producing  much  light  According  to  Sir  H.  Davy, 
whose  result  is  confirmed  by  Gay-Lussac,  40  measures  of  the 
gas  oocupy  the  space  of  60  measures  after  the  explosion ;  of 
these,  1^0  are  chlorine  and  40  oxygen.  The  per-oxide  is  there-  conpositioib 
fore  composed  of  36  or  one  atom  of  chlorine  united  with  32  or 
4  atoms  oxygen.     Its  specific  gravity  must  be  2,361. 

926.  It  is  decomposed,  at  common  temperatures,  by  no  com-  Docompofod 
bustible  body,  except  phosphorus,  which  occasions  an  explosion  |^>^|^^*p^<^ 
when  introduced  into  it,  and  bums,  in  the  liberated  gases,  with 
great  brilliancy. 

327.  Its  saturated  solution  in  water,  which  contains  seven  itiaoiutionif 
volumes  of  gas,  is  of  a  deep  yellow  colour.     It  does  not  taste  *'^^'' 
sour,  but  extremely  astringent  and  corroding ;  and  it  leaves  on 

the  tongue  a  disagreeable  and  lasting  impression.     The  solution 
may  be  kept  in  the  dark  unchanged,  but,  when  exposed  to  the  byi^u^ 
sun's  rays,  it  is  decomposed,  and  chlorine  and  chloric  acid  are 
obtained.    H.  1.  218. 

328.  Chloric  Jidd. — A  third   compound  of  chlorine   and  ouoricacid. 
oxygen  was  pointed  out  by  Mr  Chenevix,  some  time  before  it 

was  obtained  in  a  separate  form,  as  existing  in  the  class  of  salts 
called  hyper-oxy muriates.     For  the  method  of  exhibiting  it  in 


*  FIM*  7f«M>  ISlSt  rittt  n.  ^  Thonuoii*««AMfc?9,  ix.  99. 
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a  distinct  state,  we  are  indebted  to  Vauquelin*  and  Gay-Lussact 
The  following  is  the  process;  To  a  solution  of  pure  chlorate  of 
sModofob.  baryta,  (the  mode  of  preparing  which  will  be  hereafter  describ- 
ed), add  by  d^rees  dilute  sulphuric  acid,  as  long  as  it  occasions 
any  precipitation.  This  separates  the  baryta,  and  leaves  the 
chloric  acid  combined  with  water  only.  It  is  important  to  add 
no  more  sulphuric  acid  than  is  barely  sufficient ;  for  the  slightest 
excess  renders  the  chloric  acid  impure.  If  the  right  quantity 
has  been  used,  the  liquid  obtained  should  remain  perfectly  trans- 
parent, when,  taking  two  separate  portions  of  it,  we  add  to  the 
one  dilure  sulphuric  acid,  and  to  the  other,  chlorate  of  baryta. 
If  either  of  these  agents  occasions  a  precipitate,  we  must  add 
it  by  degrees  till  the  effect  ceases.  The  clear  liquid  is  then  to 
be  decanted  by  a  syphon,  and  reserved  for  use.  It  is  a  solution 
of  chloric  acid  in  water ;  and  has  the  following  properties : 

929.  It  is  colourless,  its  taste  is  acid  and  astringent ;  and  its 
smell,  when  concentrated  and  a  little  heated^  is  moderately 
pungent.  It  reddens  the  infusion  of  litmus.  Paper  stained 
with  litmus,  though  it  does  not  immediately  lose  its  colour,  yet 
is  deprived  of  it  in  a  day  or  two  if  left  in  the  liquid  ;  or  more 
rapidly  if  taken  out  of  the  liquid  and  exposed  to  the  air,  in  con- 
sequence of  the  solution  becoming  more  concentrated.  It  does 
not  precipitate  either  silver,  mercury,  or  lead,  from  their  sohi- 
tion  in  nitric  acid.  It  is  volatilized  by  heat,  but  not  without 
a  partial  decomposition  into  chlorine  and  oxygen.  Hence  it 
afterwards  precipitates  the  nitrate  of  silver. 

330.  Muriatic  acid  decomposes  it,  and  both  acids,  if  mixed 
in  just  proportion,  are  changed  into  chlorine  and  water. 

331.  Chloric  acid  is  decomposed,  also,  by  sulphuretted  hy* 
drogen  and  by  sulphurous  acid.  In  the  first  case,  chlorine  and 
sulphur  are  separated,  and  water  is  formed.  In  the  second, 
sulphuric  acid  is  formed,  and  chlorine  ^t  at  liberty.  None  of 
the  acids,  which  are  saturated  with  oxygen,  have  any  action  on 
chloric  acid. 

339.  All  the  metals  that  are  capable  of  decomposing  water, 
decompose  also  the  chloric  acid.  It  combines  with  the  different 
bases  to  form  the  salts  called  chloraUs.% 

333.  According  to  the  experiments  of  Vauquelin,  chloric 
acid  is  composed  of 


DBe4mipoMd 
bj  muriatia 


CSoDpantioa. 


Chlorine 
Ozjgea 


3S 

65 

100 


100 
186 


64 

100 


This  determination  differs  materially  from  that  of  6ay-Lussac, 
according  to  whom  32,304  oxygen  convert  28,924  chlorine  into 
chloric  acid,  and  hence  it  should  be  composed  of 

Chlorln 47,3    ....     100    ...    .      90 

Oxjgen 62.7    ....    110    ....     100 


100. 


*  wlMi.  i$  Obspi*  zcr.  103. 


t  Ibid  Id.  lU* 


t  FttHMrij  mIM  if||iiUi'f  ■■!  fafiif- 
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The  result  of  Gay*Lu8sac  is  by  much  the  more  probabte  of 
the  twoy  and  woald  make  the  chloric  acid  consist  of  1  atom  of 
chlorine  36  +  5  atoms  of  oxygen  40  =  76  ;  while  Vauquelin's 
numbers  would  indicate  no  less  than  8  atoms  of  ozyi^en.* 

334.  Perchloric  •^citf.-— The  saline  matter  which  remains  in  Pereiiiorie 
the  retort  after  forming  the  peroxide  of  chlorine,  is  a  mixture  ^^"^ 
of  the  perchlorate  and  bt-sulphate  of  potassa,  and  by  washing 
it  with  cold  water,  the  bisulphate  is  dissolved  and  the  perchlo- 
rate is  left.  The  perchloric  acid  may  be  prepared  from  this 
salt  by  mixing  it  in  a  retort  with  half  its  weight  of  sulphuric 
acid,  diluted  with  one  third  water,  and  applying  heat  to  the 
mixture.  At  the  temperature  of  about  884^  F.  white  vapours 
rise,  which  condense  as  a  colourless  liquid  in  the  receiver.  This 
is  a  solution  of  the  perchloric  acid* 

The  properties  of  the  perchloric  acid  have  hitherto  been  little  Compoutmn. 
examined.     Count  Stadion,t  its  discoverer,  found   it  to  be  a 
compound  of  1  atom  or  36  chlorine  -f-  56  or  7  atoms  oxygen, 
and  his  analysis  has  been  confirmed  by  Gay-Lus8ac4 


SfiOTiON  IV.     Of  Bromine. 

In  1826  M.  Balard  of  Montpellier  discovered  in  sea  water§  DiieoTory. 
a  new  substance  to  which  he  gave  the  name  muride  ;  but  it 
has  since  been  changed  to  Bromine^  a  word  derived  from  the 
Greek  ^pm^  (graveolentia)  signifying  a  strong  or  rank  odour. 

335.  Bromine  exists  in  sea  water  in  the  form  of  hydro-bromic  Proeenfor 
acid.  It  is  present,  however,  in  very  small  quantity  ;||  and  even  ^^tS 
the  uncrystallisable  residue  called  bittemj  left  after  the  muriate 
of  soda  has  been  separated  from  sea^  water  by  evaporation,  con- 
tains but  little  of  it.  On  adding  chlorine  to  this  Hquid,  an 
orange  yellow  tint  appears;  and  on  heating  the  solution  to  the 
boiling  point,  the  red  vapours  of  bromine  are  expelled,  which 
may  be  condensed  by  a  freezing  niixture.  A  better  process  is 
to  transmit  a  current  of  chlorine  gas  through  the  bittern,  and 
then  to  agitate  a  portion  of  ether  with  the  liquid.  The  ether 
dissolves  the  whole  of  the  bromine,  from  which  it  receives  a 
beautiful  hyacinth  red  tint,  and,  on  standing,  rises  to  the  sur- 
face. When  the  ethereal  solution  is  agitated  with  caustic  potassa, 
its  colour  entirely  disappears,  and  on  evaporation,  cubic  crystals 
.         — • — '  —  ■         — — —     » 

*  Hm  •xistenee  of  a  rimple  oombiaaUon  of  eUorioe  and  oxygen  has  been  denied  by  Sir  H.  1>avy, 
vlio  eonaidora  Ibe  laqoid,  obtainad  by  Gay-Loaaac,  aa  eonalitated  of  two  proportiona  (atonw)  of 
kydrefeo,  one  of  eUorine,  and  aiz  of  oxygen.  To  thia,  the  latter  baa  repUed,  that  tbe  bydrogeD  is  not 
ui  elomeDt  of  tbe  add  itaalf,  bat  of  watert  with  which  the  acid  ii  onited,  aa  k  the  caae  with  Kquid 
mlphoric  and  nitric  adda.    H.  1. 930.    See  Aim»  4»  CAm.  tt  de  Pkft.  Vol.  1.— Qwcrf.  Jour.  1. 966. 

t  Jfmi.  rf>  Cftte.  §t  dt  PJkff.  Vol.  Tilt.  t  Ibid.  Vol.  ix. 

i  Tfao  original  aaaay  of  M.  Balaid  waa  |mblicfa«l  in  the  jtaiMOade  CSKm.  et  d»  Pk^.  Ang.  laM.  and 
in  abalraet  of  it  in  the  SUnbwgk  Jvter.  efStienes. 

11  One  haadndJtfoaaiB  of  aat  water  yiaid  but  $  graiaa  of  iKoaudo  of  aodium,  or  3,978  graina  of 
bromine.    Quorf .  Jwr*  18B7. 


108 


Bromine — its  properties. 


CBAP.  II. 


Other  MareM 
•f  bromiM. 


Fropertic 


AetioB  of 

0lectricity 

MdhMt. 


Action  on  Um 
aotuU. 


of  the  hydro-bromate  of  potassa  are  deposited.  On  mixing 
these  crystals,  reduced  to  powder,  with  pure  peroxide  of  man- 
ganese, and  adding  sulphuric  acid  diluted  with  its  volume  of 
water,  the  bromine  is  disengaged  in  a  gaseous  state..  A  small 
receiver  nearly  filled  with  water  is  attached  to  the  retort,  the 
beak  of  which  and  the  receiver  are  kept  cool  by  a  frigorific 
mixture.  The  bromine  condenses  in  the  beak,  runs  into  the 
receiver,  and  falls  to  the  bottom  on  account  of  its  great  specific 
gravity.  It  is  slightly  soluble  but  the  water  in  its  immediate 
vicinity  soon  becomes  saturated.  The  water  is  decanted  and 
the  remainder  distilled  with  chloride  of  calcium,  by  which  the 
bromine  is  obtained  in  a  liquid  state. 

M.  Balard  has  also  detected  bromine  in  marine  plants  which 
grow  on  the  shores  of  the  Mediterranean  sea,  and  has  procured 
it  from  the  ashes  of  the  sea  weeds  that  furnish  iodine.    He  has 
likewise  found  it  in  the  ashes  of  some  animals,  especially  in  . 
those  of  the  Janthina  viok^cea^  one  of  the  testaceous  moUusea. 

336.  Bromine  at  common  temperatures  is  a  liquid,  the  colour 
of  which  is  blackish  red  when  viewed  in  mass  and  by  reflected 
light,  but  appears  hyacinth  red  when  a  thin  stratum  is  interpos- 
ed between  the  light  and  the  observer.  Its  odour,  which  some- 
what resembles  that  of  chlorine,  is  very  disagreeable ;  and  its 
taste  powerful.  It  acts  with  energy  on  organic  matters,  such  as 
wood  or  cork,  and  corrodes  the  animal  texture  ;  but  if  applied 
to  the  skin  for  a  short  time  only, it  communicates  a  yellow  stain 
less  intense  than  that  from  iodine,  and  which  soon  disappears. 
It  is  highly  destructive  to  animals,  one  drop  of  it  placed  on  the 
beak  of  a  bird  proves  fatal. 

The  specific  gravity  of  bromine  is  about  3,  and  its  atomic 
weight  9,411  oxy^n  being  the  unit  or  75,^988  hydrogen  being 
unity.*  Its  volatility  is  eensiderable ;  for  at  common  tempera- 
tures it  emits  red  coloured  vapours  which  are  similar  in  appear- 
ance to  those  of  nitrous  acid,  and  at  116,£^  F.  it  boils.  It 
retains  its  liquid  form  at  0^  F.,  at  4^  below  0^  it  becomes  solid 
and  very  hard  in  an  instantt 

337.  Bromine  is  a  nonconductor  of  electricity,  and  undei^oes 
no  chemical  change  when  transmitted  through  a  red  hot  glass 
tube.  It  is  not  decomposed  by  voltaic  eleetricity.  It  supports 
combustion  in  a  very  meble  manner ;  a  lighted  taper  immersed 
in  the  vapour  of  bromine  is  soon  extinguished,  but  before  going 
out  it  burns  a  few  seconds  with  a  flame  which  is  green  at  ite 
base  and  red  at  its  upper  part,  as  in  an  atmosphere  of  chlorine. 

308.  Bromine  is  soluble  in  water,  in  alcohol,  and  particularly 
in  ether.  It  does  not  redden  litmus  paper,  but  bleaches  it,  and 
it  also  removes  the  blue  colour  from  a  solution  of  indigo. 

339.  The  action  of  bromine  on  the  metals  and  metallic  oxides 
is  similar  to  that  of  chlorine ;  antimony  and  tin  take  fire  by 
contact  with  it,  and  its  union  with  potassium  is  attended  with 


*  -inn,  4t  CUm,  Aug.  1896. 


t  M.  8«raUM,  Jhm.  •/  PkO^i.  N.8. 1. 3B5. 
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a  vWid  flash  of  light  and  explosion.  On  passing  the  vapour  of 
bromine  over  potassa,  soda,  or  Ume^.a  vivid  incandescence 
ensues,  oxygen  is  disengaged,  and  a  metallic  bromuret  results. 

340.  When  bromine  acts  on  the  solution  of  an  alkali •ot'^alka- 
line  earth,  considerably  diluted  with  water,  the  bromuret  ot  an 
oxide  is  produced,  which  possesses  bleaching  properties,  and 
from  which  acetic  acid  causes  the  disengagement  of  bromine. 
But  when  this  substance  acts  upon  a  concentrated  solution  of 
potassa,  or  when  solid  potassa  is  agitated  with  the  ethereal  solu- 
tion of  bromine  (335),  two  salts  are  generated  the  hydro-bromate 
and  bromate  of  potassa;  and  on  evaporating  the  solution  the 
former  is  obtained  in  cubic,  and  the  latter  in  acicular  crystals. 
The  bromate  of  potassa  is  separated  from  the  hydro-bromate  by 
being  very  sparingly  soluble  in  cold  water. 

341.  Bromine  and  Oxygen* — Bromine  unites  with  oxygen 

and  forms  Bromic  aeidj  which  may  be  obtained  in  a  separate  Bromie  acid. 
state  by  decomposing  a  dilute  solution  of  the  bromate  of  baryta 
with  sulphuric  acid.     From  the  analysis  of  the  bromate  of 
potassa,  it  appears  to  consist  of  1  atom  of  bromine  +  5  atoms 
oxygen. 

348.  The  bromates  are  analogous  to  the  chlorates  and  iodates.  Andogon  to 
Thus  the  bromate  of  potassa  is  converted  by  heat  into  the  iildro^LidL^ 
bromuret  of  potassium,  with  disengagement  of  pure  oxygen, 
deflagrates  when  thrown  on  burning  coals,  and  forms  with  sul- 
phur a  mixture  which  detonates  by  percussion.  The  acid  of 
the  bromates  is  decomposed  by  deoxidizing  agents,  siich  as  the 
sulphurous  acid  and  sulphuretted  hydrogen.  The  bromates  are 
decomposed  by  hydro«bromic  and  muriatic  acids. 

343.  Bromine  and  CA/or»ne.~*Bromine  unites  with  chlorine  ^^.^^  ^.^ 
at  common  temperatures,  forming  a  very  volatile  liquid  of  a  chlorine. 
reddish  yellow  colour,  penetrating  odour,  and  exceedingly  disa- 
greeable  taste.     It  is  soluble  in  water,  without  decomposition  ;  ^ 
the  solution  bleaches  litmus  paper  without  previously  reddening 

it,  and  has  the  characteristic  odour  and  colour  of  the  compound. 
By  the  action  of  the  alkalies  it  is  resolved  into  muriatic  and 
bromic  acids. 

344.  Bromine  has  a  stronger  affinity  for  bases  than  Iodine,  and  Afinttie*. 
leas  strong  than  Chlorine.     From  the  circumstance  of  its  being 
intermediate  between  chlorine  and  iodine  in  some  of  its  more 
important  chemical  relations,  M.  Balard  at  first  suspected  it  to 

be  some  unknown  compound  of  these  bodies ;  but  as,  on  further 
examination,  he  failed  to  obtain  the  least  trace  of  decomposition, 
he  was  induced  to  adopt  the  opinion  that  ii  is  an  elementary  ^^^jf*^' 
substance.    Recent  experiments  are  in  favour  of  this  view.* 


*  See  thoee  of  BL  84ral]ai,  Ann*  de  Chim.  et  Phf$,  xxxiv.  p.  9& 
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iNMovsryof  ^^^*  lodioo  was  discovered  accidentally  by  M.  CourfoiSy  a 
Iodise.  manufacturer  of  saltpetre  at  Paris,  in  1812.  In  the  process  for 
procuring  soda  from  the  ashes  of  sea  weeds,  he  found  that  his 
metallic  vessels  were  much  corroded,  and  in  searching  for  the 
cause,  he  made  the  discovery  of  Iodine.  Its  real  nature  was 
soon  after  determined  by  Gay-Lussac  and  Sir  H.  Davy,  each  of 
whom  proved  that  it  is  a  simple  non-metallic  substance,  ex- 
ceedingly analogous  to  chlorine.* 
ProcMffor  346.  Iodine  is  procured  by  the  following  process.  Lixiviatet 
jJJUJ^  powdered  kelp  with  cold  water.  Evaporate  the  lixivium  till  a 
pellicle  forms,  and  set  aside  to  crystallize.  Evaporate  the 
mother  liquor  to  dryness,  and  pour  upon  the  mass  half  its  weight 
of  sulphuric  acid.  Apply  a  gentle  heat  to  this  mixture  in  the 
flask  a  of  the  alembic  shown  in  fig,  83,  of  which  the  head  or 
capital  d,  has  a  tube  issuing  from  it,  and  descending  into  the 
receiver  e.  Fumes  of  a  violet  colour  arise  and  condense  in 
the  form  of  opaque  crystals,  having  a  metallic  lustre,  which  are 
to  be  washed  out  of  the  head  of  the  alembic  with  a  small  quan- 
tity of  water,  and  quickly  dried  upon  bibulous  paper. 

347.  Iodine  may  likewise  be  obtained  from  the  **  black  ash'* 
of  the  soap-makers,  the  residuum  of  the  alkaline  matter  used  in 
the  manufacturing  of  hard  soaps  with  kelp.  Dr  Ure  has  made 
many  experiments  with  this  substance,  from  which  he  obtains 
the  Iodine  by  the  following  process. 
/prUre'i  The  liquid  is  heated  to  about  230^  F.  and  poured  into  a  large 

stone  ware  basin  of  which  it  should  fill  about  one  half ;  sul- 
phuric acid,  previously  diluted  with  its  own  bulk  of  water,  is 
added  till  the  liquor  is  saturated.  On  cooling  the  mixture  a 
large  quantity  of  saline  crystals  are  found  adhering  to  the  sides 
and  bottom  of  the  vessel.j:  The  cold  liquid  is  filtered  through 
a  woollen  cloth.  To  every  12  oz.  apothecaries'  measure  1000 
grains  of  peroxide  of  manganese,  in  powder,  are  added.  This 
mixture  is  put  into  a  matrass,  fig.  84,  with  a  wide  neck,  over 
which  a  glass  globe  is  inverted,  and  heat  is  applied  with  a 
charcoal  chaufier.§  Iodine  now  sublimes  very  copiously,  and 
is  condensed  in  the  upper  vessel.  As  soon  as  it  becomes  warm, 
another  is  to  be  put  in  its  place  ;  and  thus  the  two  may  be  ap- 
plied in  rotation,  as  long  as  the  violet  vapour  rises.  By  this 
treatment  from  80  to  100  grains  of  iodine  may  be  obtained. 


*  The  orifinal  papers  oo  this  mibjeet  «re  ia  the  AtmaUf  4»  CMme,  Tok.  fanzriii.  so.  «ad  xci.  aaA 
in  the  Pkiio».  Tratu.  for  1814  and  1815. 

t  When  water  ii  poared  opoa  certain  bodiei  for  the  purpoee  of  eztraatuif  their  nllne  infcedieots, 
the  preceee  it  called  lixi9iMti&m,  and  the  eolation  obtained,  a  Uxhnmm, 


%  Tbeetf  are  chiefly  eompoeed  of  eoda,  a  little  enlphate  of  potaan,  and  a  fewjtfJowt  tboaaboidal 
platei  of  hjrdriodaie  of  eoda.    Solphor  ie  aaized  with  theee  eiyrtali.  W 

$  The  leae  diiTotiTe  flame  of  a  lamp  ii  apt  to  erack  the  bottom  of  the  matram,  particularly  if  a  laife 
quantity  of  materiaie  be  employed.  To  prevent  the  boat  from  acting  on  the  reeeiver,  a  thin  difo  of 
wood,  having  a  round  hole  io  iu  eentrei  is  placod  over  the  ihonldtr  of  the  matrass. 
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It  is  removed  from  the  globes  as  in  the  other  process.  The 
best  subliming  temperature  is  23)3^  F.     U.  513. 

348.  Iodine  is  a  solid  at  the  ordinary  temperature  of  the  ^^fn^- 
atmosphere.     It  is  often  in  scales  resembling  those  of  micaceous 

iron  ore  ;  sometimes  in  large  and  brilliant  rhomboidal  plates  ; 
and  occasionally  in  elongated  octoedrons.*  Its  colour  is  bluish 
black  ;  its  lustre  metallic  ;  it  is  soft  and  friable,  and  a  non-con* 
duclor  of  electricity.  It  produces  a  yellow  stain  upon  the 
skin.  Its  smell  resembles  that  of  diluted  chlorine.  Its  taste  is 
acrid.  Its  specific  gravity  according  to  Gay-Lussac  is  4,948, 
but  Dr  Thomson  found  it  only  3,0844. 

Iodine  is  fusible  at  225^  F.  and,  under  the  ordinary  pressure 
of  the  atmosphere,  is  volatilized  at  a  temperature  somewhere 
liear  350^,  forming  a  gas  135  times  denser  than  hydrogen, 
which  last  number  represents  the  weight  of  its  atom.  Accord- 
ing to  6ay-Lussac,  the  specific  gravity  of  its  vapour,  compared 
with  air,  is  8,678.  Hence  100  cubic  inches  should  weigh  2QB 
grains.t  The  volatilization  of  iodine  at  the  heat  of  boiling  wa- 
ter, which  happens  when  it  is  distilled  with  that  fluid,  depends 
on  its  affinity  for  aqueous  vapour.     H.  1.  223. 

349.  The  colour  of  the  vapour  of  iodine  is  a  beautiful  violet, 
and  hence  its  name,  (from  tJj^,  violaceus.) 

This  may  be  exhibited  by  introducing  a  few  scales  of  iodine  j^ 
into  a  glass  matrass,  and  heating  it  over  a  spirit  lamp. 

350.  Like  chlorine  and  oxygen,  iodine  is  electro-negative  ; 
and  therefore  attracted  by  the  positive  surface  of  the  Voltaic 
pile.  It  renders  vegetable  colours  yellow.  It  is  very  sparingly 
soluble  in  water,  that  liquid  not  holding  more  than  ^Vty  i^^ 
weight  in  solution.  The  colour  of  the  solution  is  yellow.  It 
is  much  more  soluble  in  spirit  of  wine  and  in  ether. 

351 .  Iodine  manifests  a  strong  attraction  for  the  pure  metals  oombiu. 
and  for  most  of  the  simple  non-metallic  substances.     These  ^^^^ 
combinations  are  termed  Iodides  or  lodurets*    It  is  not  inflam- 
mable ;  but  under  favourable  circumstances  may,  like  chlorine, 

be  made  to  unite  with  oxygen.  A  solution  of  the  pure  alkalies 
acts  upon  it  in  the  same  manner  as  upon  chlorine,  giving  rise 
to  the  decomposition  of  water  and  the  formation  of  the  iodic 
and  hydriodic  acids.  ^ 

352.  Nature  of  Iodine,     Iodine,  from  all  that  we  yet  know  Nature  •r 
respecting  it,  is  to  be  considered  as  a  simple  or  elementary  '^*'*' 
body.     Its  discovery  lends  strong  support  to  that  theory,  which 
eonsiders  chlorine  as  a  simple  body,  and  muriatic  acid  as  a  com- 
pound of  chlorine  and  hydrogen.     In  the  property  of  forming 

an  acid,  whether  it  be  united  with  hydrogen,  or  with  oxygen, 
iodine  bears,  also,  an  analogy  to  sulphur  ;  and  it  is  remarked 
by  Gay-Lussac  of  the  combinations  of  chlorine,  iodine,  and 
t  <      ■  ■  ■ 

*  Or  WollaMon  ha* dewribed  the (brm  of  its  eryiUl  in  th«  AkmlU  tf  PkOMophf^  V.937.  8«e 
.•bo  qi^rt.  Jnw.  V.  364. 

t  The  •poeifio  gnrity  of  iodine  vepoor,  aceording  to  Dr  Thomaon,  it  8,6111,  tir  s  1 ;  100  etaUe 
iddMf  wvifli  SOSySSOB  fraioi,  tad  ita  atomic  waif ht,  oxygen  ss  1  ia  1S,;^ 


112 


Iodic  Jidd. 


CHAP.  u. 


Bonrcosof 
iodine. 


sulphur^  with  the  elements  of  water,  that  while  the  acids,  which 
they  respectively  form  with  oxygen,  have  their  elements 
strongly  condensed,  those  formed  with  hydrogen  have  their 
elements  very  feebly  united.  Sulphur  has  the  strongest  affinity 
for  oxygen,  then  iodine,  and  lastly  chlorine.  But  for  hydrogen, 
chlorine  has  a  stronger  attraction  than  iodine,  and  iodine  than 
sulphur  ;  whence  it  appears  that  the  affinity  of  each  of  those 
bodies  for  oxygen  is  inversely  proportionate  to  its  affinity  for 
hydrogen. 

353.  In  the  state  of  hydriodic  acid,  iodine  is  met  with  in 
nature  in  combination  with  potassa  or  soda.  Under  this  form 
it  occurs  in  many  salt  and  other  mineral  springs.  It  has  been 
detected  in  the  water  of  the  Mediterranean  sea,  in  the  oyster 
and  some  other  marine  molluscous  animals,  in  sponges,  and  in 
most  kinds  of  sea-weed.  In  some  of  these  productions,  such 
as  Fucus  serratus^  and  digitatuSf  it  exists  ready  formed,  and 
according  to  DrFyfe,*  may  be  separated  by  the^action  of  water, 
but  in  others  it  can  be  detected  only  after  incineration.  Yauque- 
lin  has  found  it  also  in  the  mineral  kingdom,  in  combination 
with  silver.     See  Silver. 

354.  The  most  delicate  test  of  the  presence'  of  iodine,  is 
starch,  and  if  added  to  any  liquid  containing  it,  with  a  few 
drops  of  sulphuric  acid,  a  blue  compound  is  formed  which  is 
insoluble  in  water.  According  to  Prof.  Stromeyer,  a  liquid 
containing  but  l-450,000tli  of  its  weight  of  iodine,  receives  a 
blue  tinge  from  a  solution  of  starch.  Two  precautions  dioold 
be  observed  to  insure  success.  In  the  first  place  the  iodine 
must  be  in  a  free  state ;  for  it  is  the  iodine  itself  only,  and  not 
its  compounds,  which  unite  with  starch.  Secondly,  the  solution 
sliould  be  quite  cold  at  the  time  of  adding  the  starch ;  for  boil- 
ing water  decomposes  the  blue  compound,  and  consequently 
removes  its  colour.t 

lodieaeid*  355.  lodifie  and  Oxygen — Iodic  •tfeui^.-^Iodic  acid  was  dis- 
covered about  the  same  time  by  Oay-Lussac  and  Sir  H.  Davy  ; 
but  the  latter  first  succeeded  in  obtaining  it  in  a  perfectly  pure 
state4  When  iodine  is  brought  into  contact  with  the  protoxide 
of  chlorine,  an  immediate  action  ensues,  its  colour  changes  to 


T«t  for 
Iodine. 


*  Eim.  PkOoa.  Jour.  vol.  1. 

t  Notwitfaf  tanding  the  delicacy  of  the  test  for  the  pretence  of  iodine  afforded  by  the  oae  of  itarch, 
ita  ralae  is  considerably  diminished  by  the  facility  with  which  varions  substancei  interfere  with  its 
action  ;  and  this  is  espeeiaUy  the  ease  when  any  of  those  bodiea,  which  eidier  alone  or  with  wat«r» 
yield  hydrofen  are  present ;  the  iodino  becomes  hydriodic  aioid,  and  the  Use  cotour  eilher  disappous, 
or  is  not  formed.  Sulphurons  acid  and  sulphnrotted  hydrofen,  substances  aUnott  constantly  produced 
by  the  incineration  of  organized  bodies,  which  contain  earthy  or  alkaline  sulphates,  are  especiafly 
capable  of  producing  this  effect. 

Among  the  vaiions  nwaas  of  obTiatiBg  this  ioeonvenienoe  is  the  use  of  chlorine.  H.  Bnlaxd  has 
been  led  to  apply  it  in  the  foUowing  manner  :— «ftar  nixing  the  Uqnid  oentaiaing  ihe  iodine  with  the 
starch  and  the  sulphuric  acid,  a  small  quantity  of  aqueous  solution  of  chlorine  is  to  be  added  which 
from  its  lightness  may  be  made  not  to  mia  with  the  mixture,  but  float  on  the  sarfiice  ;  at  (he  place, 
however,  where  they  touoh,  a  Uoe  lone  wiB  be  developed  where  the  two  aeltttaoaa  an  in  ooolaet, 
but  if  the  whole  be  mixed,  it  wiU  tntfiely  disappear,  if  the  cUotine  be  jn  0X«W8«— ^M.  4$  Cfti»- 
XTzviii. 

t  Phil  Trans.  1813. 
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bright  orange^  and  i  Jiquid  is  formed.*  By  the  application  of 
a  gentle  heat,  the  orange  compound  of  chlorine  and  iodine  ia 
expelled,  and  a  compound  of  oxygen  and  iodine  remains.  This 
aubstanee  is  a  white  semi-transipareot  solid,  volatile  at  456^  F.  ; 
it  haa  no  amell,  but  a  strong  astringent  sour  taste.  Jts  specific 
gravity  h  such  that  it  sinks  in  sulphuric  acid. 

856.  When  deeoaiposed  by  heal  in  a  pneumatic  af^aratus^  SSSr**" 
it  is  resolved  into  oxygen  gas  and  pure  iodine  ;  and  it  is  there- 
fore  termed  by  Sir  H.  Davy  osyiodine,  aod  by  Gay-Lusaae 
4i€i(ie  iodique  <inhydrtA 

Hjd.s     1     Osj.  s=1 
It  coiuista  of  6  atoms  of  ozygeo  =s   40  h 

1  atom  of  iodioe  =  125  15,5 

and  the  weight  of  the  atom  it  ISo  80,5  T. 

357.  Anhydrous  iodic  acid  is  very  aoluUe  in  water,  and  is  -^{^^^ 
slightly  deliquescent.     Its  solution,  called  by  Gay-Lussac  acidt  ^ 
iodique^  first  reddens,  and  then  destroys  vegetable  blues,  and 
reduces  other  vegetable  colours  to  a  dull  yellow.     When  eva<> 
porated  sufficiently,  it  becomes  a  thick  pasty  substance,   and 

at  length,  by  a  cautiously  regulated  heat,  yields  the  anhydrous 
acid  unaltered. 

358.  When  heated  in  contact  with  inflammable  bodtesi  or  Propwtiw. 
witli  the  more  combustible  metala,  detonations  arc  produced. 

Its  solution  in  water  rapidly  corrodes  all  the  metals,  and  eves 
acts  on  gold  and  platinum,  but  especially  on  the  first. 

359.  When  its  solution  is  poured  into  solutions  of  alkalies,  or  Prodaew 
alkaline  earths,  or  when  made  to  act  on  their  carbonates,  triple  i<><^i^ 
compounds  are  formed  of  oxygen,  iodine,  and  the  metallic  bases, 
called  by  Sir  H.  Davy  oxyi&des  ;  aftd  by  Gay-Lussac,  perhaps 
more  properly,  iodates. 

360.  Iodic  acid  enters  into  combination  with  all  those  fluid  cominMi 
or  solid  acids,  which  it  does  not  decompose.     All  its  acid  com-  ^^   ^ 
binations  redden  vegetable  blues,  dissolve  gold  and  platinum  ; 

and  when  added  to  alkalies  or  earths,  afibrd  common  neutral 
salts,  and  their  respective  iodates.     H«  1.  225. 

361.  lodoui  ^cid.    The  iodous  acid  is  prepared  by  tritura-  lodowHia. 
ting  iodine  with  three  parts  of  chlorate  of  potassa  in  a  glass  or 
porcelaiQ  mortar,  until  they  form  a  very  fine  pulverulent  yellow 

mass,  in  which  the  metallic  lustre  of  the  iodine  is  no  longer 
perceptible.  The  mixture  is  then  heated  in  a  glass  retort ;  and 
as  soon  as  the  chlorate  begins  to  lose  oxygen,  the  iodous  acid 


*  The  iodiiM  maj  bo  iatrodnoad  into  •  nnall  flask,  «nd  the  oxide  of  ehlortoe  dtoeofagod  fron 
it,  upon  a  proper  mixtuie  of  chlorate  of  potBua  aod  Milpliorie  acid  or  100  graiui  of  chlorate 
of  pocaaa  may  be  latradvced  iale  a  noall  iet«>rt,  with  400  gralai  of  Uqoid  muriatie  aeidi  of  the  tp. 
gr.  l,10f:  aaaeac  to  the  retort  a  Hnall  globular  raceirer,  haviof  a  boot  tube  umiBf  ftom  it,  and 
paniiqf  totbebottomof  aunO  Sask,  containiof  abootSOfraieiofiediiie;  oaiefoBy  applj  the  heat 
of  a  iaspto  the  retort,  by  which  aside  of  chloriiie  will  be  diegngi^,  aad  which  will  be  daoompoeed 
aed  ahM>rbed  bj  the  iodine. 

t  Thetnai  OMk^drvut,  which  win  ba  oftas  uied,  ia  derirad  from  a  Greek  word  ogniiying  viiyhaKt 
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rises  in  the  form  of  a  dense  white  vapour,  and  eondenses^in  the 
neck  of  the  retort  into  a  yellow  liquid,  which  falls  in  drops  into 
the  receiver.* 

362.  lodous  acid  is  of  a  yellow  colour;  its  taste  acid  and  astrin- 
ProReru«<.     gent,  leaving  a  burning  sensation  on  the  tongue.     It  is  of  an 

oily  consistency,  and  ilows  with  difficulty.  It  is  heavier  than 
water,  sinking  in  it.  It  has  a  particular  odour,  disagreeable,  and 
something  resembling  that  of  euchlorine.  It  permanently  red- 
dens vegetable  blues,  but  does  not  destroy  them.  It  is  very 
soluble  in  water  and  alcohol,  producing  amber-coloured  solu- 
tions. It  evaporates  slowly,  and  entirely  in  the  air.  It  is 
decomposed  by  sulphur,  disengaf];ing  a  little  heat,  and  liberating 
violet  vapours.  It  is  characterized  by  the  manner  in  which 
potassium  and  phosphorus  act  on  it ;  the  instant  they  touch  it 
they  inflame  ;  the  potassium  producing  a  white  flame  and  dense 
vapours,  but  little  or  no  liberation  of  iodine  j  and  the  phospho- 
rus, with  a  noise  as  of  ebullition,  violet  vapours  appearing  at  the 
same  time.t 

Its  composition  has  not  been  experimentally  ascertained. 

363.  Iodine  and  Chlorine*  Iodine  absorbs  less  than  one 
third  its  weight  of  chlorine,  and  forms  a  peculiar  acid  which 

gkviodM  jusiy  be  called  chloriodic  acid,  and  its  compounds  chloriodates. 
This  acid  is  easily  obtained  by  the  direct  action  of  chlorine 
upon  iodine.  They  unite  and  form  crystals  of  a  deep  orange 
colour,  deliquescent,  and  easily  fusible  and  soluble.^ 

364.  According  to  Gay-Lussac,  indeed,  two  compounds  re- 
sult, the  one  of  a  fine  orange-yellow  colour,  containing  the 
largest  proportion  of  chlorine,  the  other  orange-red.  Both  are 
solid  and  crystalline  ;  deliquiate  when  exposed  to  the  air  ;  are 
fusible  into  an  orange  iiquid  ;  and  give  an  orange-coloured  gas. 
The  watery  solution  takes  more  iodine,  and  acquires  a  deep 
colour  ;  but  if  agitated  with  chlorine,  it  is  deprived  of  colour, 
and  when  poured,  in  that  state,  into  solution  of  potassa,  the 
deflagrating  salt  is  precipitated.  From  liquid  ammonia,  the 
colourless  liquid  precipitates  a  white  detonating  compound  ; 
but  the  coloured  solution  throws  down  the  darker  compound, 
which  detonates  on  the  slightest  touch,  and  is  indeed,  identical 
with  that  procured  by  the  direct  action  of  iodine  on  ammonia, 
to  be  hereafter  described. 

Frecinitatcf        365.  Chloriodic  acid  (or  chlorure  of  iodine^  as  it  is  called  by 
motaiho  salts.  (jay.Lujgac)  precipitates  the  salts  of  iron,  lead,  tin  and  copper  j 
probably  in  the  state  of  iodates. 


*  Tho  receiver  should  be  kopt  cool  dttria^the  whols  operation. 

t  This  aetd  was  diaoovered  in  18U  by  Prof.  SeniMtiitt  of  Naples— <8eo  Bmt^m  JtmnUl  ^f  Pkiht, 
i\.  399  )  who  obtained  it  from  9pMl  parts  Qf  ehkmte  of  potass^  and  iodine.  Aeeocdinf  to  M.  WoUer 
it  is  oDly  a  mixtare  of  ehloiide  «f  iodine  and  iodine.   Aim.  PMIes.  N.  S.  IVt. 

I  Aoooidinff  to  Davy,  (PM.  7f «m.  1814,)  tluf  oomponnd  oontaim  liS  iodine,  3S  ehloiiq*. 
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Sectiok  VI.     0/  Fluorine. 

366.  The  mineral  substance  called  Fluor  spar,  or  Derbyshire  j^vmtj. 
spar,  from  the  place  where  it  occurs  in  large  quanthy,  is  a  com- 
pound of  lime  and  a  peculiar  acid  called  the  Fluoric.     The  ex- 
periments of  Sir  H.  Davy  led  him,  in  1808,  to  consider  this  acid 

a  compound  of  oxygen  with  a  peculiar  base.  When  this  acid 
was  submitted  to  the  action  of  voltaic  electricity,  a  gas  was 
evolved  at  the  negative  pole,  which  appeared  to  be  hydrogen. 
The  platinum  wire  at  the  opp6site  (Mile  was  rapidly  corroded,  and 
covered  with  a  chocolate  powder,  the  properties  of  which  seem 
not  to  have  been  examined."* 

367.  When  fluate  of  ammonia  was  treated  with  potassium 
no  evidence  was  obtained  of  its  containing  oxygen.  Charcoal, 
intensely  ignited  in  fluoric  acid  gas,  gave  no  carbonic  acid.  Sir 
H.  Davy  hence  inferred  that  fluoric  acid  is  composed  of  hydro- 
gen and  a  peculiar  base,  possessing  like  oxygen  and  chlorine,  a 
a  negative  electrical  energy  and  hence  determined  to  the  positive 
sur&ce.  For  this  base,  which  like  ehlorine,  he  believes  to  com- 
bine at  once  with  metals,  the  name^tiort»e  was  proposed.  H. 
1,226 — ^According  to  this  view,  fluor  spar  is  a  fluoride  of  cal-  YiuondtM, 
eiom,  that  is,  a  compound  ef  fluorine  and  the  metallic  base  of  lime. 

368.  Dr  Henry  makes  the  atom  of  fluorine,  as  deduced  from  Atomie 
the  composition  of  fluor  spar  17,1;  and  fluor  spar  a  compound  of  ^^''*'^ 
20  or  1  atom  calcium  -f  17,1  or  1  atom  fluorine.  According  to  Dr 
Thomson  it  is  0,25  oxygen  =  1  which  is  equivalent  to  2  Hy- 
drogen being  unity. 


CHAPTER  ni. 

» 

OF  ELSCTRO  POSITIVE  SUBSTANCES. 

369.     This  class  will  include  all  those  bodies  which,  when  ^^^ 
separated  from  their  combinations  with  the  substances  described  We.. 
in  the  last  chapter,  by  voltaic  electricity,  are  attracted  by  the 
negative  surface.    They  are  sometimes  called  simple  combusli^ 
bkSy  and  subdivided  into  non-metallic  and  metallic  bodies.  With 
few  exceptions,  the  non-metallic  bodies  combine  with  the  elec-  Bjmjjj  widi- 
tro-negative  substances,  and  of  the  compounds  formed,  one  or  g,jt^ 
more  are  acids,  hence  they  are  ako  called  simple  acidifiabW'^'^'^'' 

substances. 
The  non-metallic  sub-       Hydrogen. 

stances  are  silJK" 

Pbospborai. 

Carboa. 

Boroo. 

Silfcon, 

8elenram. 

•  FkSUTrma*VSa^V%Mi%'.  and  1814, past  1- 


11& 


Hydrogen^ 


GKAT,  m. 


To  these  probably  belong  the  bases  of  Zirconia,  Glucina  and 
Yttria,  which  have  heretofore  been  classed  with  the  metals ; 
but  although  agreeing  in  several  respects  with  metallic  bodies, 
they  are  defieient  ia  others. 


Method  of 
proeurinf  hf 
diogen  f  ai. 


rL3. 


loflaniMble 
MI  lamp. 


Impure  i» 
commoiU; 
obtained. 


Section  I.    Hj/drsgen^ 

370.  Hydrogen  was  first  duly  examined  by  Mr  Cavendish.* 
The  most  simple  form  in  which  it  has  hitherto  been  obtained^ 
is  in  that  of  a  gas,  that  is,  in  a  state  of  union  with  Caloric,  and 
perhaps  with  electricity  and  light.  From  this  combination  we 
ate  not  able  to  separate  it,  except  by  availing  ourselves  of  the 
affinity  of  some  other  substance,  in  which  case  the  hydrogen 
separates  from  the  caloric,  and  forms  with  the  body  which  has 
been  added,  a  new  combination.  Of  its  natare  we  know  but 
little,  but  as  it  has  not  yet  been  resolved  inta  any  more  simple 
form,  it  is  still  arranged  among  elementary  bodies* 

371.  To  procure  hydrogen  gas,  let  sulpiimric  acid,  previously 
diluted  with  five  or  six  times  its  weight  of  water,  be  poured  on 
iron  filings,  or  on  small  iron  nails;  or  (what  is  still  better)  poor 
sulphuric  acid,  diluted  with  eight  parts  of  water,  on  zinc,  granu- 
lated  by  pouring  it  melted  into  cold  water,  and  contained  in  a 
gas  bottle,  fig.  65,  or  small  retort.  An  e£ferveseence  will  ensue, 
and  the  escaping  gas  may  be  collected  in  the  usual  manner  over 
water. 

^^2.  An  ingenious  apparatus  for  obtaining  it  instantaneously, 
in  a  laboratory,  is  described  by  Gay-Lussac,  in  the  5th  vol.  of 
•Ann.  de  Ckim.  et  Phys.  p.  300. 

It  conriiti  of  a  three- necked  fflwM  bottle,  figf.  85,  one  of  whope  openings  has 
a  stopper,  from  which  is  suspended  a  small  cylinder  of  zinc  a.  To  the  opposite 
aperture  is  fixed  a  bent  brass  tube  furnished  with  a  stop-cock,  on  which  may 
be  screwed  either  a  small  let  for  burning  the  gas,  or  a  tube  to  conduct  it 
wherever  it  may  be  required.  The  upper  vessel  is  of  glass,  and  ground  to  fit 
the  middle  neck,  ita  pipe  reaching  within  a  small  distance  of  the  bottom  of  the 
bottle.  To  use  the  apparatus,  the  lower  vessel  is  filled  with  sulphuric  acid 
properly  diluted,  and  the  zinc  cylinder  is  then  introduced,  the  stopper  being 
elo»ed  to  which  it  is  affix ed»  and  the  cover  of  the  u|iper  vessel  removed.  The 
gas,  which  is  generated,  drires  the  diluted  acid  into  (be  upper  vessel,  and  the 
further  production  of  it  ceases,  when  the  zinc  is  completely  uncovered.  Wa 
have  then  the  bottle  filled  with  gas ;  and  oan  at  anv  time  expel  it  by  opening 
the  cock,  and  allowing  the  atmosphere  to  press  on  the  surface  of  the  liquid  ni 
the  globular  vessel. 

373.  Hydrogen  gas,  thus  obtained,  is  not,  however,  to  be 
considered  as  absolutely  pure.t  An  observation  of  Mr  Cutb* 
bertson  long  ago  rendered  it  probable,  that,  when  disengaged 

*  PkU,  Trmu,  toI.  M. 

t  In  order  to  purify  tbe  sine  Dr  Thomson  ezpoMt  it  to  a  white  heat  in  a  itoBe  ware  retort,  Intod  to 
a  reeoitrer  nearly  ftlled  with  water.  At  this  tempmaAare,  the  ainc  is  sublimed  and  freed  from  all  ila 
imporitias,  axeept  a  trace  of  cadmiom  too  minate  to  occasion  any  sensible  error.  Hie  sine  tlnia 
distilled  over  is  meUed  in  a  emeible  and  poaied  upon  the  sorlkce  of  a  clean  smooth  landsione,  vptm 
whiehftferasalUarfMitwhiehcaabesaaUybralMaiatosnallpiNcs.    T.  Mint  Fruu  1,  SO. 
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by  KiDe,  it  contains  a  portion  of  that  metal ;  and,  when  gene- 
rated by  means  of  iron,  it  is  apt  to  contain  a  little  carburetted 
hydrogen. 

374.  Hydrogen  is  an  aeriform  fluid,  but  very  slightly  absorba*  Properu«. 
ble  by  water.     It  has  no  taste,  and  may  be  respired  for  a  short 
time,  though  it  is  instantly  fatal  to  small  animals.     As  usually 
prepared  it  has  a  disagreeable  odour.     Berzelius  has  shown  that 

the  gas  generated  from  iron  filings  and  dilute  sulphuric  acid, 
loses  its  odour  by  being  passed  through  pure  alcohol,  and  when 
the  alcohol  is  diluted  with  water  and  is  kept  a  few  days,  an 
odorous  volatile  oil  is  separated,  which  caused  the  smell  of  the 
gas. 

Perfectly  inodorous  hydrogen  was  obtained  by  Berzelius  by  Tnodonm 
putting  an  amalgam  of  potassium  and  mercury  into  pure  distilled  Mwgen- 
water;  but  an  acid,  or  muriate  of  ammonia,  added  to  the  water, 
while  it  accelerates  the  formation  of  gas,  gives  it  also  the  same 
odour  as  that  remarked  in  the  solution  of  zinc  by  diluted  sul- 
phuric acid.     This  odour  must  therefore  arise  from  impurities.* 

375.  It  is  the  lightest  body  known,  and  is  therefore  conven- 
iently assumed  as  unity  in  speaking  of  the  specific  gravity  of 
gases,  as  well  as  in  referring  to  the  proportions  in  which  bodies 
combine.     100  cubic  inches  weigh  2,118  grains.     Its  specific  ^..1,^  ^„^ 
gravity  is  0,0694  when  common  air  is  taken  as  1,00.     If  oxy-  Ppocifi^pa*- 
gen  is  taken  as  unity,  the  specific  gravity  of  hydrogen  will  be  *^^' 
0,0625,  and  0,125  will  represent  its  atomic  weight. 

376.  The  levity  of  hydrogen  may  be  proved  hy  experiment. 

Let  a  jar  filled  with  this  gas  Mand,  for  a  few  seconds,  with  its  open  moufh  ^n^ 
upwards.    On  letting  down  a  candle,  the  gas  will  be  found  to  have  ercaped. 

Place  another  jar  of  the  gas  inverted,  or  with  its  mouth  downwardr.    The  y 
gaa  will  now  be  found  to  remain  a  short  time  iu  the  jar,  being  prevented  from 
escaping  upwards  bj  the  bottom  and  sides  of  the  vessel. 

377.  Hydrogen,  in  consequence  of  its  extreme  lightness,  is 
employed  for  filling  air-balloons. 

Fill,  with  hydrogen  gas,  a  bladder  furnished  with  a  stop-cock,  fie.  71 ;  arid  p].  3. 
adapt  to  this  a  common  tobacco-pipe.     Dip  the  bow]  of  the  pipe  into  a  lathur 
of  soap,  and,  turning  the  cock,  blow  up  the  lather  into  bubbles,  instead  of  ^^^P* 
falling  to  the  ground,  like  those  commonlj  blown  by  children,  they  will  rise 
rapidly  into  the  air. 

The  experiment  may  be  varied  by  filling  the  bladder  with  a  mixture  of  two  ^ 
parta  of  hydrogen  gas  and  one  of  oxygen  gas.    Bubbles,  blown  with  this  mix-      ^' 
tare,  take  fire  on  &e  approach  of  a  lighted  candlr,  and  detonate  with  a  loud  Caution. 
report.    It  is  proper,  however,  not  to  set  them  on  fire,  till  tbev  are  completely 
^etacbed  from  the  bowl  of  the  pipe  ;  otherwise  the  contents  of  the  bladder  will 
M  exploded,  with  considerable  danger  to  the  operator. 

878.  Hydrogen  is  inflammable,  and  when  pure  burns  with  a  inflammabfe, 
lambent  blue  flame  at  the  surface  in  contact  with  the  air. 

Fill  a  small  jar  with  the  gas  and  holding  it  with  the  mouth  downward?,  bring  £xp. 
the  fraa  into  contact  with  the  fiame  of  a  candle. 

FttI  with  thia  pa  a  bladder  which  it  famished  with  a  stop-cock,  and  with  a  £, 
iouJl  pipe,  of  diameter  lest  than  that  of  a  common  tobacco-pipe.    Press  the 
air  cot  tbroagh  the  pipe,  and  on  presenting  a  lighted  candle,  the  stream  will 
take  lira,  and  ooatinaa  to  bam  with  a  pale  and  feeble  flame. 

^QearcyMr.xTiuaSt).    jfnn.  ^  PA«0S.  If .  8.  viU.  3S9. 
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PI  3,  Persons,  who  are  provided  with  the  jart  repreaented  %.  69,  a,  may  tcrew  to 

-^^  the  cook  a  brass  pipe  with  a  small  aperture.    Od  pressing  the  jar,  filled  with 

h^dro^eo  gas,  into  the  water,  and  opening  the  cock,  the  gas  will  ba  forced  out 
in  a  stream,  which  may  be  set  on  fire.  On  this  principle  are  founded  the  arti- 
ficinl  fireworks  without  smell  or  smoke.  They  consist  of  pipes,  having  variously 
sited  apertures,  some  of  which  ha?e  a  rotary  motion.    H.  1.  233.  • 

peliierpio-         379.  It  has  been  found  by  Prof.  Doebereiner,  that  when  a 
SjVv/**^"^*""  stream  of  hydrogen  is  directed  upon  spongy  platinum  (obtained 
by  adding  muriate  of  ammonia  to  a  solution  of  platinum  in  nitro* 
muriatic  acid)  the  platinum  soon  becomes  red  hot^and  the  hydro- 
gen is  inflamed.* 

This  discovery  has  led  to  various  modifications  of  the  inflammable  air  lamp 
(372).  A  very  con\'enieot  and  oruamental  form  of  which  ii  represented  In  fig. 
86.  It  is  composed  of  two  glass  vessels  fitted  to  each  other  by  grinding,  as  in 
the  apparatas  of  Gay-Lussac.  The  tube  a,  of  the  upper  vessel  is  encompassed 
by  a  cylinder  of  line,  which  is  supported  by  a  ring  of  cork  on  the  lower  part 
of  the  tube.  The  platinum  sponge  is  contained  in  a  small  bra«s  boi  fr.  attached 
to  a  brAM  wire  passing  through  a  collar  of  leather  and  which  can  be  placed  at 
any  distance  from  the  jet,  c.  When  a  light  is  required  the  cock  d  is  turned, 
and  the  preMure  of  the  acid  liquor  in  the  upf^r  vessel  eipeJs  the  hydrogen,  as 
in  the  apparatus  already  described.t 

3S0.  If  mixed   with  common  air^  hydrogen  burns  rapidly 
with  detonation. 

Into  a  f  trong  phial^  capable  of  holdint;  abont  6  onnces  of  water,  introdnee 
one  part  of  hydrogen  and  three  parts  of  common  air.  On  applying  a  lighted 
candle  or  a  red  hot  wire»  the  mixture  will  explode. 

This  experiment  may  be  performed  by  means  of  an  apparatus  called  the 
inflammable  air  pistol,  fi^.  87.  This  instrument  consists  of  a  cylinder  <ii  brars, 
about  three-fourtbi  of  an  inch  diameter,  and  six  inches  long,  in  the  form  of  a 
small  cannon  or  piitol-barrel,  properly  mounted,  and  having  a  wire,  a,  pa«»-ing 
through  a  tube  of  ivory,  6,  and  not  qiilte  touching  the  interior  of  the  cylinder, 
at  the  part  usually  occupied  by  the  touch'hole  \  an  electric  spark  communicated 
to  this  wire  infl:)nie»  the  mixture  of  hydroji^en  and  atmospheric  air  in  its  interior. 
It  may  be  charged  by  previously  filline  it  with  dry  sand,  and  emptying  it  nut 
into  a  phiel  of  hydrogen,  which  ri»es  into  the  gun  sufficiently  mixed  with  air ; 
the  muzxle  may  be  secured  by  a  cork,  which  is  expelled  with  much  violence 
and  a  loud  report,  upon  the  inflammatiun  of  the  gas.  It  may  be  also  charged^ 
by  holding  it  for  a  moment  over  the  open  jet  of  the  instrument,  fig.  85,  always 
taking  care  that  there  is  a  due  admixture  of  atmospheric  air,  otherwise  the 
electric  spark  will  not  inflame  iL 

Detoniiipt  381.  If  the  experiment  be  repeated  with  oxygen  gas  in- 

vuh oxygen,  g^cad  of  atmosphorical  air;  changing  the  proportions,  and  mix- 
ing only  one  part  of  the  oxygen  gas  with  two  of  hydrogen,  the 
report  will  be  considerably  louder.  The  bottle  should  be  a 
strong  one,  and  should  be  wrapped  round  with  cloth^  to  prevent 
an  accident. 
•ndbym^ani  The  samo  experiment  may  be  made  over  water,  by  means  of 
«nhoeiocaic  ^j^g  electric  spark.  Procure  a  strong  tube,  about  three  quarters 
of  an  inch  diameter,  and  12  inches  long,  closed  at  one  end,  fig. 
88.  About  a  quarter  or  half  an  inch  from  the  sealed  end,  let 
two  small  holes  be  drilled,  opposite  to  each  other,  and  into  each 
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of  these  let  a  brass  conductor  be  cemented,  so  that  the  two 
points  may  be  distant  from  each  other,  within  the  tube,  about 
one  eighth  of  an  inch.  An  apparatus,  serving  the  same  purpose, 
and  much  more  easily  constructed,  may  be  formed  by  hermeti- 
cally sealing  a  piece  of  brass  wire,  or  still  better,  platinum  . 
wire,  into  the  end  of  a  glass  tube.  With  this  conductor,  an  « 
interrupted  circuit  may  be  formed  by  introducing  into  the  tube 
a  longer  wire,  one  end  of  which  terminates  one-tenth  of  an 
inch  from  the  upper  one,  while  the  other  extends  beyond  the 
aperture  of  the  tube.  (See  fig.  77,  c.)  Into  this  tube,  standing  pj  3. 
over  water,  pass  about  half  a  cubic  inch  of  a  mixture  of  hydro- 
gen and  oxygen  gases ;  in  the  proportion  of  two  measures  of 
the  former  to  one  of  the  latter.  Hold  the  tube  firmly,  and  pass 
an  electric  spark  through  the  mixed  gases.  For  relieving  the 
shock,  which  is  sometimes  considerable  on  firing,  an  ingenious 
contrivance  of  Sir  H.  Davy  may  be  employed.*  The  first 
effect  of  the  combustion  is  a  sudden  and  considerable  enlarge- 
ment of  volume,  which  from  some  experiments  of  Sir  H.  Davy 
(on  Flatne^  p.  90)  probably  amounts  to  15  times  the  original 
bulk  of  the  mixture.  After  this  the  gases  if  perfectly  pure, 
and  in  the  proper  proportion,  will  be  found  to  have  disappeared 
entirely.     H.  1.  235. 

3S2.  A  current  of  hydrogen  may  be   inflamed   when  issu-  mqucoi toots 
ing  from  a  small  aperture,  and  if  a  tube  of  18  or  20  inches  in  ^mbL^«r 
length  be  held  over  the  flame,  a  peculiar  musical  tone  is  {>ro-  bydroson. 
duced.     This  efiect  is  not  peculiar  to  hydrogen,  but  is  produced 
by  a  variety  of  other  flames,  and  is  referable  to  the  succession 
of  explosions  produced  by  the  combustiou  of  the  gas  in  the 
tube.t 

Brio^  an  ioTerted  jaf,  filled  with  this  ^ar,  over  the  flame  of  a  candle  ;  and  dom  notmp- 
foddeolj  deprefi  the  Jar,  to  that  the  ]i|ehted  wick  may  be  wholijr  f urrou&ded  port  combiw- 
bj  the  gas»     l*he  candle  will  imiDedialelj  be  extingnished.  ^^^ 

Fill  a  sroall  Jar  with  hydrogen,  and  havintc  coTered  its  mouth  with  a  card  £xp. 
bring  jt  with  its  mouth  downwards  near  a  lighted  candle  ;  holding  the  mouth 
on  a  level  with  the  flame,  remove  the  card  and  depress  the  Jar  over  the  flame ; 
the  candle  will  be  extingaished  but  the  hjdrogen  will  continae  to  barn  at  the 
mouth  of  the  jar,  on  slowlj  raising  the  jar  tiie  candle  will  be  relighted  as  It  pa^es 
through  the  burning  gas^>on  depressing  the  Jar  the  candle  will  be  again  extio' 
gaished,  and  may  be  relighted  as  before.     W. 

383.  The  tendency  which   gaseous  fluids  have  to  become  gsms  h«T«« 
oompletely  mixed  under  all  circumstances,  and  as  it  were  to  ^^^  ^ 
penetrate  each  other,  is  well  illustrated  where  hydrogen  is  cm-  u^geom, 
ployed.     Thus,  if  two  small  phials,  the  one  containing  oxygen  ^  ^ 
and  the  other,  hydrogen,  be  connected  .perpendicularly  by  a 
long  glass  tube,  of  small  bore,  it  will  be  found,  that  although 
the  hydrogen  be  uppermost,  and  much  lighter  than  the  oxygen, 
it  will,  in  the  course  of  a  few  hours,  have  perfectly  mixed  with 
the  oxygen,  and  the  gases  will  be  found  in  equal  proportions  in 


*  ntil0S»  M*g€titi0^  npei.  3.  t  Feraday,  Jmmitnl  •f  Btivne*  aiitf  a«  ,artM,  voK  t. 
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both  phiais.  Mr  Dalton  has  shown  that  gases,  unlike  other 
fluids,  do  not  remain  upon  each  other  without  admixture.* 

SL?^^.  384.  The  flame  of  hydrogen  is  occasionally  employed  for 
exciting  intense  heat;  and  it  has  been  found  when  mixed  with 
oxygen  and  burned  as  the  mixture  issues  from  a  small  jet^  to 
excite  a  temperature  nearly  equal  to  that  of  the  arc  of  flame  in 
the  Voltaic  circuit.  A  blow  pipe  upon  this  construction  was 
first  made  by  Professor  Hare  of  Philadelphia ;  it  consists  of  a 

Fhin  cylindrical  vessel  of  tin,  fig.  89,  a,  or  what  is  preferable  copper, 

divided  in  the  middle  by  two  partitions,  so  as  to  form  two  dis« 
tinct  reservoirs,  one  for  oxygen  and  the  other  for  hydrogen. 
Into  the  Jower  part  of  each  reservoir  a  tube  &,  is  inserted  some- 
what  obliquely,  as  in  the  common  gas  holder.  Above  the  re- 
servoirs is  a  conical  tin  funnel  c^  furnished  with  a  stop-cock  and 
connected  with  a  tube  which  immediately  below  divides  into 
two,  one  passing  to  each  reservoir.  A  tube  passes  out  from 
each  reservoir,  which  meet  in  a  cone  d  (a  section  of  whieh 
is  represented  at  e).  The  gases  are  thus  mingled  and  are  then 
made  to  issue  through  a  capillary  tube  drilled  through  a  wire 
of  silver  and  inserted  into  the  cone.t  The  lower  tubes  being 
closed,  the  apparatus  is  filled  with  water,  and  the  gases  introduc- 
ed, as  in  the  usual  method  of  filling  a  gas  holder.  The  reservoirs 
being  filled,  the  lower  tubes  are  closed,  and  water  poured  into 
the  funnel,  on  opening  the  stop-cocks  the  gases  are  propelled 
through  the  jet.  When  substances  are  to  be  exposed  to  the 
action  of  this  instrument,  the  stop-cock  connected  with  the 
reservoir  of  hydrogen  should  be  first  opened  and  the  gas  may 
be  inflamed  ;  (he  other  stop-cock  is  then  gradually  opened,  and 
the  oxygen  mixing  with  the  hydrogen,  an  intensely  high  tem- 
pefature  is  obtained. 

With  this  instrument  Professors  Hare  and   Silliman   first 
efiected  the  fusion  of  some  of  the  most  refractory  substances  in 

nature4 
Brooke's  385.  The  blow  pipe  invented  by  Mr  Brooke§  depends  for 

i»i»w  pipe.  j|g  action  on  the  elasticity  of  compressed  air,  and  consists  of  a 
strong  copper  box,  fig.  90,  into  which  several  atmospheres  are 
crowded  by  means  of  a  condensing  syringe.  Various  expedients 
have  been  adopted  to  render  this  a  safe  substitute  for  the  oxyhy- 
drogen  blow  pipe  of  Dr  Hare.  The  most  efiectual  of  which 
consists  in  interposing  between  the  flame  and  the  main  reservoir 
of  gases,  a  cylinder  containing  a  little  water  or  oil,  through 
which,  by  means  of  a  valve  at  the  bottom,  the  gases  are  allowed 
to  pass.     The  safety  of  the  instrument  is  increased  by  the  inter- 


*  MuMkaaUir  Mtimmrty  vol.  i.  N«w 
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posilioQ  of  a  bundle  of  capillary  tubes,  between  the  stop-cock 
and  the  orifice  of  the  pipe  at  which  the  gases  are  inflamed.* 

Mr  Skidmore  of  New  York  has  discovered  that  the  flame  BarMimdw 
produced  by  the  oxyhydrogen  blow-pipe  continues  to  burn 
when  submersed  in  and  in  actual  contact  with  water,  with  the 
same  splendour  as  in  the  atmosphere ;  the  only  difiference  being 
that  under  water,  its  figure  is  conglobated,  whereas  in  air  it 
assumes  that  of  a  long  slender  conical  pencil.  Care  is  required 
to  introduce  the  flame  slowly  into  the  water.  A  piece  of  pine 
wood  or  cork  when  brought  within  the  action  of  the  submei^ed 
flame  gives  out  a  brilliant  light.t 

386.  Hydrogen  and  oxygen. — When  two  volumes  of  hydro-  trnkm  with 
gen  gas  are  mixed  with  one  volume  of  oxygen  gas,  and  the  mix-  ^^SSis^^r 
ture  inflamed  in  a  proper  apparatus  by  the  electric  spark,  the  ^< 
gases  totally  disappear,  and  the  interior  of  the  vessel  is  covered 

with  drops  of  pure  water,  equal  in  weight  to  that  of  the  gases 
consumed. 

387.  If  pure  water  be  exposed  to  the  action  of  Voltaic  elec-  compotitiwi 
tricity,  it  is  resolved  into  two  volumes  of  hydrogen,  disengaged 

at  the  negative  pole,  and  one  volume  of  oxygen,  disengaged  at 
the  positive ;  (235)  so  that  water  is  thus  proved  by  synthesis 
and  analysis,  to  consist  of  two  volumes  of  hydrogen  combined 
with  one  volume  of  oxygen. 

388.  In  determining  the  proportion  of  the  elements  of  water, 
every  thing  will  depend  on  the  precision  with  which  the  specific 
gravities  of  oxygen  and  hydrogen  gases  are  ascertained.  Ac- 
cording to  the  results  of  Dr  Thomson,  oxygen  gas  is  precisely 
16  times  heavier. than  hydrogen  gas,  and  according  to  Berzelius 
and  Dulong  a  very  little  more  than  16  times  ;  but  if  we  take  16- 
to  1  as  the  nearest  approximation,  it  will  follow,  since  water 
consists  of  two  volumes  of  hydrogen  and  one  of  oxygen,  that 
eight  parts  by  weight  of  oxygen  and  one  of  hydrogen  con- 
stitute water ;  or  according  to  the  last  mentioned  chemists  it 
consists  of 

Oxygen 88,9 

HjdrogeQ 11,1 

100.    H.  1.  250. 

*  In  the  blow-pipe  of  Ur  Gurney  the  mixed  gases  are  contained  in  a  silk  htg^  or  bladder,  6f .  91,  dj  (jimM»g 
which  is  supported  on  a  table  <,  2, 1,  and  the  necesnry  degree  of  pressure  is  obtained  by  weights  or  by  Uowpip«b 
the  hand  upon  a  moveable'prees  board  si,  below*    The  gases  are  conveyed  to  the  bag  by  means  ^^  i^  „.  . 
pipe  laid  into  and  across  the  table  furnished  with  a  stop-cock  A,  upon  which  may  be  screwed  the  bag        '^* 
^1  or  a  tnbe  connected  wi^i  a  gas  holder     By  this  arrangement  the  apparatus  may  be  kept  In  action 
for  any  length  of  time*    Between  the  reservoir  d^  and  the  stop-cock  1,  a  valve  is  [daeed  to  prevent  the 
retam  of  the  gases  when  pressure  is  applied  at  m ;  i,  «,  is  a  light  pasteboard  or  wood  cap  which  in 
case  of  an  explosion  of  the  gazometer  is  thrown  into  the  air,  by  the  force  rupturing  the  strings  k^  &,  ft,  ft, 
which,  from  its  extent  of  surface  and  great  lightness  is  arrested  by  the  atmosphere.    To  the  stop^xidt 
s,  a  safety  apparatus  *,  is  attached,  which  is  filled  with  water  to  the  hei^t  ^i  and  the  gases  pass  from 
the  reservoir  it,  through  a  tube  reaching  to  die  bottom  of  the  vessel ;  the  upper  part  of  which  is  closed 
by  a  cork  e  ;  in  ease  of  an  explosion  of  the  small  quantity  of  gas  above  the  sorfiioe  of  the  water,  the 
emt  is  thrown  up;  additional  security  is  obtained  by  a  small  chamber  a,  containing  layart  of  wite 
gauae.    For  a  mora  particular  descriplioB  of  this  blow  pipe,  m«  Gai]i«y*t  XMttmr*)  p»1K8. 

t  JHiMt,  Jtm,  •f  Seiemse,  v.  347. 
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And  if  water  be  constituted  of  one  atom  of  oxygen  united  with 
one  atom  of  hydrogen,  if  we  represent  the  weight  of  the  latter 
by  1,  that  of  the  atom  of  oxygen  will  be  8,  and  1  +  8  =  ^  i^ 
the  representative  number  for  water.     Or  thus 


Hydrogen. 
1 

Oxyeon. 

Water 

9 

If  we  assume  the  weight  of  oxygen  as  1,  hydrogen  will  be 
0,125,  and  the  representative  number  of  water  1,125.  If  we 
conceive  that  water  is  composed  of  two  atoms  of  hydrogen  and 
one  of  oxygen,  we  must  double  the  number  for  oxygen,  in 
which  case  we  should  have  17  for  the  representative  number 
for  water. 

But  it  admits  of  being  proved  to  be  consistent  with  mechani-^ 
cal  principles  that  the  most  energetic  combination  of  any  two 
elements  is  that  in  which  they  are  united  particle  to  particle. 
Until  therefore  the  contrary  can  be  established,  we  may  assume, 
with  Mr  Dalton,  that  water  is  a  binary  compound  of  1  atom  of 
oxygen,  and  1  atom  of  hydrogen.     H.  1.  249. 

389.  The  experiments  illustrating  the  composition  of  water 
may  be  divided  into  synthetic  and  analytic.  Among  these  the 
following  may  be  selected. 

Burn  a  current  of  hjdrogen  under  the  funnel  a,  6g.  92 ;  by  uniting  with  the 
oxygen  of  the  atmosphere  it  will  produce  aqueoua  vapour,  which  pasting  into 
the  glass  cylinder  6,  will  condense  in  drops. 

Fig.  93,  represents  an  apparatus  for  showing  the  production  of  water  by 
burning  a  current  of  hydrogen  in  an  atmosphere  of  oxygen,  a  is  a  glass  cylin- 
der, which  after  having  been  exhausted  upon  an  air-pump,  is  filled  with  pure 
oxygen.  6  is  a  receiver  of  hydrogen  immersed  in  the  vessel  of  water  c,  by 
which  the  gas  is  compressed,  so  as  to  be  urged  through  the  capillary  opening/, 
when  the  stop-cocks  d  d  are  open,  e  is  a  platinum  wire  by  which  the  gas  may 
be  inflamed  by  an  electric  spark.  It  burns  with  the  production  of  intense  heat, 
and  water  is  soon  collected  in  drops  upon  the  interior  of  the  cylinder. 

If  two  measures  of  pure  hydrogen  be  mixed  with  one  of  pure  oxygen,  and 
detonated  in  the  graduated  glass  tube  a,  fig.  88,  standing  over  water,  by  an 
electric  spark  parsed  through  the  platinum  wires  6  6,  the  gases  will  entirely 
disappear.  If  there  be  any  excess  of  either  of  the  gases,  the  portion  in  excess 
will  remain  unconsumed. 

The  same  experiment  may  be  thus  varied,  fig.  94,  is  a  very 
strong  glass  vessel,  capable  of  holding  about  half  a  pint  and 
furnished  (besides  the  proper  contrivance  at  top  for  taking  the 
electric  spark  in  it)  with  a  brass  cap  and  cock,  by  means  of  which 
it  can  be  screwed  to  the  transfer  plate  of  an  air-pump.  When 
exhausted,  it  may  be  filled  with  a  mixture  of  oxygen  and  hydro- 
gen gases,  in  the  proportion  of  one  measure  of  the  former  to 
two  of  the  latter,  and  an  electric  spark  may  be  passed  through 
the  mixture.  After  the  explosion,  when  time  has  been  given 
to  the  vessel  to  cool,  a  sensible  quantity  of  moisture  will  have 
condensed  on  the  inner  surface  of  the  vessel,  and  by  repeating 
the  operation  frequently,  a  sufficient  quantity  of  fluid  may  be 
collected  to  show  that  water  is  the  only  product. 
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390.  The  water  produced  in  this  mode,  is  not,  however,  to  be  water  a 
considered  as  a  compound  of  the  two  gases,  but  only  of  their  thTC*©/ 
bases,  for  the  light  and  caloric,  which  constituted  the  gases,  uiegaaea. 
escape,  in  considerable  part  during  the  combustion.     Every 

gas,  it  must  be  remembered,  has  at  least  two  ingredients;  the 
one,  gravitating  matter,  which,  if  separated,  would  probably 
exist  in  a  solid  or  liquid  form  ;  the  other,  an  extremely  subtile 
fluid,  termed  caloric  and  perhaps  electricity  and  light.  The 
compound^  water,  is  therefore  said  to  be  composed  of  hydrogen 
and  oxygen,  the  basts  of  the  gases,  and  not  of  hydrogen  and 
oxygen  gases. 

391.  Water  may  be  decomposed  or  resolved  into  its  elements  Analysis  of 
by  a  variety  of  processes,  the  most  important  of  which  are  the  '''*'®'' 
following  : 

Fig.  95,  a  is  a  glass  retort,  into  vbich  is  introduced  a  given  weight  of  water ;  p|.  j^. 
ft  fr,  a  small  furnace  through  which  passes  the  earthen,  or  iron,  tube  c  c,  winch 
terminates  in  the  spiral  pewter  tube  d  J,  immersed  iu  water.     A  given  weight  ^7  '"^^^ 
of  pure  iron  coiled  up,  is  introduced  into  the  tube   c,  and  the  whole  made  j^.^ 
red  hot ;  the  water  in  a  is  then  made  to  boil«  and  the  vapour,  on  coming  into 
contact  with  the  red  hot  iron,  is  in  part  decomposed  ;  the  oxygen  is  retailed 
by  the  iron,  and  the  hydrogen  escaping  through  the  tube/,  may  be  collected 
as  usual.    Any  nndecomposed  portion  of  water  is  condensed  in  the  worm-pipe 
dy  and  drops  into  the  vessel  e. 

After  this  experiment  the  iron  will  be  found  to  have  increas- 
ed in  weight ;  and  if  attention  be  paid  to  the  quantity  of  water  . 
which  has  collected  in  e,  and  to  the  weight  of  the  hydrogen  gas 
evolved,  it  will  be  found  that  the  weight  gained  by  the  iron, 
added  to  that  of  the  hydrogen,  will  be  equal  to  the  wci|^ht  of 
the  water  which  has  disappeared.  Lavoisier  concluded,  from 
an  experiment  thus  conducted,  that  water  cohsi-jts  of  85  percent, 
by  weight  of  oxygen,  and  15  by  weight  of  hydrogen  ;  that 
is^  that  for  every  15  grains  of  hydrogen  evolved,  S5  grains  of 
oxygen  were  condensed  by  the  iron. 

392.  The  processes,  by  which  the  elementary  parts  of  water 
are  separated  from  each  other,  and  are  dol/i  obtained  in  uo  aeri- 
form state,  as  a  mixture  of  hydrogen  and  oxygen  gases,  are 
dependent  on  the  agency  of  electricity. 

The  first  of  these  experiments  requires  for  its  performance  ^yEiectri- 
the  aid  of  a  powerful  electrical  machine.  This?  hcl  was  the  ^'^y» 
discovery  of  a  society  of  Dutch  chemists ;  and  the  principal 
circumstance,  in  the  experiment,  is  the  transmission  of  ekctri- 
cal  shocks  through  a  confined  portion  of  water.  The  apparatus 
employed,  in  this  experiment  of  Messrs  Dieman  and  Van 
Troostwyk,  is  a  glass  tube,  about  one-Sth  of  an  inch  dij««;"ter, 
and  12  inches  long,  one  of  the  ends  of  which  is  sealed  hermeti- 
cally^ a  gold  wire  being  inserted  at  this  end,  and  pn^jocting 
about  an  inch  and  a  half  within  the  tube.  About  the  distance  of 
five-8ths  of  an  inch  from  the  extremity  of  this,  another  wire  is 
to  be  fixed,  which  may  extend  to  the  open  end  of  the  tube. 
The  tube  is  next  to  be.  filled  with  distilled  water,  and  to  he 
placed  inverted  in  a  vessel  of  the  same.  When  ll»us  disposed, 
electrical  shocks  are  to  be  passed  between  the  two  ends  of  the 
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wire,  through  the  water ;  and,  if  these  shocks  be  sufficiently 
strong,  bubbles  of  air  will  be  formed  at  each  explosion,  and 
will  ascend  till  the  upper  part  of  the  wire  is  uncovered  by  the 
water.  As  soon  as  this  is  effected,  the  next  shock  that  is  passed 
will  set  fire  to  the  mixed  gases,  and  the  water  will  rise  again 
in  the  tube,  a  very  small  quantity  of  gas  remaining.  Now,  as 
hydrogen  and  oxygen  gases,  in  a  stateof  admixture,  are  capable 
of  being  inflamed  by  the  electric  shock,  and  as  there  is  nothing 
in  the  tube,  beside  water,  that  can  afford  them  in  this  experi- 
ment, we  may  safely  infer,  that  the  evolved  hydtogen  and 
oxygen  gases  arise  from  decomfK>sed  water. 

393.  The  decomposition  of  water  by  galvanic  electricity  is  a 
process  singularly  adapted  to  demonstrate  the  fact  in  a  simple 
and  elegant  manner,  since  it  exhibits  both  the  oxygen  and 
hydrogen  in  the  gaseous  form.  Fig.  96,  represents  a  section 
of  an  apparatus  for  this  purpose.  It  is  a  glass  vessel  containing 
water,  having  two  wires  of  platinum,  a  a,  passing  through  its 
bottom  :  over  these  are  inverted  the  tubes  b  &,  also  filled  with 
water.  The  wires  are  rendered  positive  and  negative  by  con- 
nexion with  a  moderately  powerful  Voltaic  apparatus.  Oxygen 
is  evolved  at  the  positive  wire,  and  hydrogen  at  the  negative 
wire,  which  gases  rise  into  the  tubes,  and  it  is  seen  that  one 
volume  of  oxygen,  o,  and  two  volumes  of  hydrogen.  A,  are  the 
constant  results.  If  these  gases  be  mixed  and  detonated,  pure 
water  is  again  formed. 

394.  Another  mode  of  effecting  the  decomposition  of  water 
yet  remains  to  be  mentioned,  in  which,  not  the  hydrogen,  but 
the  oxygen  is  obtained  in  a  gaseous  state.  This  is  by  the  action 
of  living  vegetables,  either  entire  or  by  means  of  their  leaves 
only.  Fill  a  clear  glass  globe  with  water,  and  put  into  it  a  num- 
ber of  green  leaves,  from  almost  any  tree  or  plant.  A  sprig 
or  two  of  mint  will  answer  the  purpose  perfectly  well.  Invert 
the  glass,  or  place  it,  with  its  mouth  downwards,  in  a  vessel  of 
water.  Expose  the  whole  apparatus  to  the  direct  light  of  the 
sun,  which  will  then  fall  on  the  leaves  surrounded  by  water. 
Bubbles  of  air  will  soon  begin  to  form  on  the  leaves,  and  will 
increase  in  size,  till  at  last  they  rise  to  the  top  of  the  vessel. 
This  process  may  be  carried  on  as  long  as  the  vegetable  con- 
tinues healthy  ;  and  the  gas,  when  examined,  will  prove  to  be 
oxygen  gas,  nearly  pure.  In  this  experiment,  the  hydrogen 
combines  with  the  plant,  to  the  nourishment  and  support  of 
which  it  contributes,  while  the  oxygen  is  set  at  liberty.  H. 
1.  253. 

395.  Water,  in  its  ordinary  state,  such  as  spring  and  river 
water,  is  always  so  far  contaminated  with  foreign  substances  as 
to  be  unfit  for  many  chemical  purposes,  and  frequent!}',  as  will 
be  more  fully  shown  hereafter,  even  for  domestic  use.  Rain- 
water is  much  more  pure,  but  it  always  contains  a  portion  of 
carbonic  acid  and  of  the  elements  of  atmospheric  air,  besides 
appreciable  traces  of  vegetable  or  animal  matter ;  to  the  latter  it 
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owes  its  property  of  becoming  putrid  when  kept.    The  distinc-  Hetero««ne. 
tion  of  water  into  hard  and  soft  has  reference  to  its  less  or  **"*°'"**^*^ 
greater  purity.    The  impurities  of  water  are  separated  by  dis- 
tillation.* 

396.  Distilled  Water^  as  commonly  prepared,  always  affords 
minute  traces  of  foreign  matter,  especially  \vhen  subjected  to 
Voltaic  decomposition,  and  can  only  be  considered  as  perfectly  « 
pure  when  re-distilled  at  a  low  temperature  in  silver  niseis. 

397.  Pure  water  is  transparent,  and  without  either  colour,  Propertiai. 
taste  or  smell.     In  consequence  of  the  facility  of  obtaining  it 
pure,  it  is  assumed  as  a  standard  to  which  the  relative  weight 

of  all  other  bodies  may  be  comf|ared,^ts  specific  gravity  being 
called  ssr  1,000,  and    hence  the  importance  of  estimating  its  Btnndardor 
weight  with  precision.     At  the  temperature  of  40°  it  is  at  JJJ^J^. 
its  maximum  of  density,  and  at  that  temperature  an  English 
cubic  foot  weighs  437102,4946  grains,t  or  999,0914161  ounces 
avoirdupois,  and  the  cubic  inch  252,953  grains.]: 

398.  At  the  temperature  of  32°   water  congeals  into   ice,  ice. 
which,  if  slowly  formed,  produces  needles  crossing  each  other 

at  angles  of  60°  and  120°.  The  specific  gravity  of  ice  is  0,94. 
Exposed  to  the  air,  ice  loses  considerably  in  weight  by  evapo- 
ration. 

399.  If  water  be  exposed  to  heat  in  open  vessels  it  boils  or 
is  converted  into  steam,  at  212°,  the  barometer  being  at  30 
inches ;  but  the  boiling  point  of  water  varies  considerably  with 
the  pressure  (157.)     The  specific  gravity  of  air  being  considered 

as  =  1 ;  that  of  steam  is  0,625.     At  mean  pressure,  and  at  the  _|.      ^ 
temperature  of  212°,  the  bulk  of  steam  is  1700  times  greater  ^^^^ 
than  that  of  water. 

400.  Water  is  susceptible  of  compression,  as  was  originally 
shown  by  Canton,  and  more  lately  by  Mr  Perkins,  who  has 
estimated,  in  an  ingenious  series  of  experiments,  the  rate  of 

its  compression.  §     If  submitted  to  very  sudden  compression,  comprem- 
water  becomes  luminous,  as  has  been  shown  by  M.  Desaignes.||   ^' 
According  to  M.  Despretz  the  compression  of  water  by  a  force 
equal  to  20  atmospheres,  causes  the  evolution  of  ^th  part  of  a 
degree  of  heat. 

401.  Water  enters  into  combination  with  a*rariety  of  sub-  state  of  com. 
stances,  and  is  retained  with  various  degrees  of  force.     Some-  ^^^^^' 
times  it  is  contained  in  a  variable  ratio,  as  in  ordinary  solution ; 

*  Tliii  prooeii  i>  nmaOy  oondactad  apoD  the  laigo  Male  in  a  eopper  boitor,  flg.  97,  placed  either  in  a  p.  • 
portable  fornace,  or  sat  io  brickwork,  according  to  its  dinensione,  to  which  \m  annexed  a  head,  A, 
of  the  taoM  material,  or  of  pewter,  connected  with  a  apiral  tube  or  worm,  which  ii  immeraed  in  the 
worm4ab,  or  refrigerator  ^  its  lower  end  paaeing  out.    The  water  in  the  worm-tab  most  always  be 
ntained  of  a  low  temperature  to  effect  the  ooodenaation  of  the  vapour  in  the  spiral  tube. 

t  Thomson's  Syttcm^  vol.  ii.  p.  18. 

X  According  to  the  late  parUamontary  standard  of  Great  Britain,  the  pint  of  water  consints  of  8750 
grains  of  water  at  flSP  F.  barometer  at  30  inches,  and  the  cubic  inch  of  352,458  grains.  The  gallon 
ooataina  277,874  eubie  iodiM,  or  TtMXX)  grains  of  distilled  water ;  the  pint  34,05035  inches  or  6750 
gialns. 

%  Pha,  Ttm  1880.  H  Th«nard,  Traiti  dc  CAmtc,  i.  433. 

\ 


126  Water — absorption  of  gases  by.         chap.  in. 

in  other  compounds  it  is  present  in  a  fixed  definite  proportion, 
as  in  its  union  with  several  of  the  acids,  the  alkalies,  and  all 
salts  that  contain  water  of  crystallization.  These  combinations 
are  termed  hydrates ;  thus  the  strongest  liquid  of  sulphuric  acid 
is  a  compound  of  one  atom  of  the  real  dry  acid  and  one  atom  of  m 

Hydrates.      Water;   and  its  proper  name  is  hydrous  sulphuric  acidy  qr  ' 

%  hydrate  of  sulphuric  acid. 

watorcon-        402.  •Vatcr,   which  has  been  exposed  to  the  atmosphere, 
taiMfcir.       always  contains  a  portion  of  air,  as  may  be  proved  by  boiling 
it,  or  by  exposing  it  under  the  exhausted  receiver  of  the  air- 
pump.     To  separate  the  air,  the  water  must  be  boiled  for  about 
two  hours.     It  absorbs  (^ygen  gas  in  preference  to  atmospheric 
air  or  nitrogen,  and  when  the  air  is  expelled  by  boiling,  the  last 
portions  contain  more  oxygen  than  those  first  given  off.* 
Ahaorptionof      403.  Every  gas  is  absorbed  by  water,  w^hich  has  been  de- 
gMu9  by  wa-  ppiy-Qji  Qf  j^ii  Qj.  lY^Q  greatest  part^of  its  air  by  long  boiling.     The 

quantity,  however,  which  water  is  capable  of  absorbing,  varies 
considerably  with  respect  to  the  different  gases.  Those  gases, 
of  which  only  a  small  proportion  is  absorbed,  require  violent 
and  long  continued  agitation  in  contact  with  water.  H.  1.  253. 
In  the  common  process  of  manufacturing  soda  water  a  large 
quantity  of  carbonic  acid  gas  is  absorbed  by  the  water,  and  an 
additional  portion  is  mechanically  united  with  it  by  powerful 
compression.! 
Hydrogen  as-  "^04.  As  hydrogeu  is  the  lightest  known  substance,  it  is 
JJJjf  ■•  assumed,  as  alread}'  remarked  (S7),  by  many  chemists  as  unity ^ 
in  reference  to  the  representative  numbers  of  other  bodies. 
The  principle  of  numeric  representation,  or  of  equivalent  or 
proportional  numbers,  has  been  adverted  to  (75,  &c.)  and  the 
following  will  be  the  representative  numbers  of  some  of  the 
bodies  described  in  the  foregoing  sections,  the  number  for  oxy- 
gen being  deduced  from  the  composition  of  water  (348),  and  of 
chlorine  and  iodine  from  the  muriatic  and  hydriodic  acids. 

Undccompoiinded  Proportional 

Substances.  numbers. 

Hjdrogen 1 

Oxygen 8 

Chlorine 36 

Iodine 125 


*  Humboldt  and  Gay-Luacac,  Journal  de  Pkfftique,  1805. 

t  Tho  Tollowing  table  from  Dr  Henry's  chemistry  showi  the  absorbability  of  dilTerent gases  by  wafer 
deprived  of  all  its  air  by  ebullition. 
100  cubic  inches  of  such  water,  at  the  mean  temperature  and  prossuref  absorb  of 

Dalton  end  Henry.  Bau««ure. 

Sulphuretted  hydrogen     -    -  100     cubic  inches    -    -    -  £i3 

Carbonic  ncid 100         "  "    -    -    -    .  J06 

Nitrous  .  \ide 100        «»  «»---.      7G 

Oleiiant  gtu -  12,5      "  "    -    -    -    -      15,3 

Oxygen 3,7      "  "    -    -    -    -       6,5 

C^arbonic  oxide 1,56    "  "    -    -    -    -        6,2 

NitMgim 1,56    "  *«-.--       4.1 

Hydrogen 1.56    "  »    -    -    .    -        4,6 

The  estimate  of  SanMurM  is  in  gunrral  too  high.    That  of  Mr  Dalton  aud  Dr  Honry  for  nitrous  oxid« 
is  considerably  bt-yund  the  truth,  according  tu  the  ex]>eriiuenls  of  iSir  11.  Duvy.  ^^ 
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Component  RepreientatiTe 

Compounda.                                    Parts.  Number*. 

Wa^pr              $  ^  proportional  of  hydrogen  =  1  ?      o 

water ^  ^        ^j^^^            ^^^^^^      _  8  J      ^- 

It 

Percblorio        5  '^  proportionals  of  oxygen  =  ^^  ?'     aa 

acid              \  1        ditto    , «        chlorine  =  36  $     ^' 

Iodic  acid        i  5  proportionali  of  oxygen  ==  40)      ^^^ 

jwuiw  aviu        ^  J        ^^^^                iodine    =  125  J 


Peroxide  of     (4  proportionals  of  oxygen  ^      33 
chlorine         i  1        ditto  chlorine  ^      36 


68. 


Chloriodio       <  S  proportionals  of  chft>rine  ^      7S  > 
acid  ( 1        ditto  iodine     =    125  \ 


197. 


405.  Deutoxide  or  Peroxide  of  Hydrogen, — M.  Thenard  PeroxMeor 
has  shown  that  water  may  be  united  to  a  considerable  excess  of  ^y^*^*^* 
oxygen  by  means  of  peroxide  of  barium.*     This  new  compound 

is  possessed  of  very  remariftible  properties.! 

The  peroxide  of  hydrogen  has  a  specific  gravity  of  about 
1,452  and  is  a  colourless  transparent  liquid  without  odour.  It 
acts  as  a  caustic  upon  the  skin,  thickens  the  saliva,  and  tastes  "*^'^^' 
like  certain  metallic  solutions.  It  destroys  the  colour  of  litmus 
and  turmeric  paper.  It  continues  liquid  at  all  degrees  of  cold 
to  which  it  has  hitherto  been  exposed.  At  the  temperature  of 
59^  F.  it  is  decomposed^  being  converted  into  water  and  oxy- 
gen gas. 

406.  The  peroxide  of  hydrogen  is  decomposed  with  remarka-  p^mpowd 
ble  facility.     The  diffused  day-light  does  not  seem  to  exert  any  ^••'»«"'»y 
influence  over  it,  and  even  the  direct  solar  rays  act  upon  it 
tardily.     It  effervesces  from  the  escape  of  oxygen  at  59^  F.  and 

the  sudden  application  of  a  higher  temperature,  as  of  212°  F. 
gives  rise  to  such  a  rapid  evolution  of  gas  as  to  cause  an  explo- 
sion. 

407.  All  the  metals  except  iron,  tin,  antimony  and  tellurium,  Action  of 
have  a  tendency  to  decompose  the  peroxide  of  hydrogen,  con-  "***'*' 
verting  it  into  oxygen  and  water.     The  decomposition  is  most 
rapid  when  the  metals  have  been  previously  reduced  to  a  state 

of  minute  division.  Tne  metals  which  have  a  strong  affinity 
for  oxygen  are  at  the  same  time  oxidized. 

408.  The  peroxide  of  hydrogen  is  decomposed  at  common  of  oxides, 
temperatures  by  many  of  the  metallic  oxides. 

409.  Acids  have  the  property  of  rendering  this  substance  of  addi. 
more  stable : 

Let  a  portion  of  the  liqaid,  somewhat  diluted  with  water,  be  heated  till  it  £xp. 
begins  to  effervesce  froiu  (iie  escape  of  oxygen  gA»;  drop  into  it  some  strong 
acid,  as  the  nitric,  sulphuric,  or  muriatic^  the  effervesce  nee  will  imiuediutely  * 


cease. 


*  QM4irC.  Jtmr.  ▼.  viii-  p.  1 14. 

t  To  obtain  thif  product,  it  U  ncceMi&ry  to  employ  a  tabetaoce,  tb«  p$roxid9  of  Bwrium^  wbidi  will 
be  discnbsJ  in  lbs  Mctiou  on  B^imm.  * 


1S8  Hydrogen  and  Chlorine^  Muriatic  Jicid.    chAp.  m. 

Sxp.  When  a  little  |;oId  in  a  itate  of  fine  division  ii  pnt  into  a  weak  solation  of 

the  peroxide  of  hjdrogen,  containing  only  10, 20  or  30  times  its  balk  of  oxjgen, 
a  brisk  effervescence  ensues;  bat  on  letting  one  drop  of  sulphuric  acid  fall  into 
it,  the  effervescence  ceases  instantly :  it  is  reproduced  by  the  addition  of  potassa, 
and  is  agtfin  arrested  by  adding  a  second  portion  of  acid.* 

AaiiTsis.  410.  The  peroxide  of  hydrogen  was  analyzed  by  diluting  a 

known  weight  of  it  with  water,  and  then  decomposing  it  by 
#  boiling  the  solution.     From  two  analyses  864  parts  of  the  per- 

oxide al^  composed  of  466  water,  and  393  oxygen  gas.  The 
496  of  water  contain  414  oxygen,  whence  it  may  be  inferred 
tliat  the  peroxide  of  hydrogen  contains  twice  as  much  oxygen 
as  water.  T.  If  water  then  be  a  compound  of  1  atom  of  hydro* 
gen  and  1  atom  of  oxygon,  the  peroxide  must  consist  of  1  atom 
hydrogen  +  2  atoms  of  oxygen  and  its  representative  number 
will  be  17. 
Hariatieacid  411.  Hydrogen  and  Chlorine. — ^When  equal  volumes  of 
<*^  these  gases  are  mixed  and  exposed  to  light,  they  combine  and 

produce  a  sour  compound  commonly  called  muriatic  add  gas; 
or  in  conformity  to  more  modern  tiomenclature  hydrochloric 
acid  gas. 

412.  Chlorine   and   hydrogen   gases  act  with   considerable 
energy  upon  each  other,  and  with  different  phenomena  accord- 
ingly as  the  experiment  is  conducted, 
iszp.  If  a  phial  be  entirely  filled  with  a  mixture  of  hydrogen  and 

Expioaon  of  chloriuc  gases  in  equal  proportions,  and  a  well  ground  stopper 
Hy^Sgen^**  ^®  introduced ;  no  action  takes  place,  provided  light  be  carefully 
and  completely  excluded,  even  by  standing  some  time ;  but  on 
applying  a  lighted  taper,  the  gases  immediately  explode.     H, 
■     1.  S66. 
-^  Into  a  small  but  strong  vessel,  guarded  from  the  light,  intro^ 

duce  equal  volumes  of  the  two  gases,  and  inflame  the  mixture 
by   the  electric  spark,  muriatic  gas  results.     The  apparatus 
P1.4.  shown  at  fig.  94,  may  be  used  for  this  purpose.     Th^  vessel 

should  be  previously  exhausted  by  the  air  pump,  and  then  filled 
with  the  mixed  gases.  An  electric  spark  may  now  be  passed 
through  the  mixture,  when  a  detonation  will  ensue,  to  avoid 
any  injury  from  which,  the  vessel  should  be  wrapped  in  several 
folds  of  cloth.  If  the  cock,  attached  to  the  vessel,  be  opened 
under  mercury  in  about  a  quarter  of  an  hour,  very  little  of  that 
fluid  will  enter,  proving  that  the  volume  of  gas  after  the  experi- 
ment is  scarcely  diminished ;  that  it  is  diminished  at  all,  is 
.  owing  to  a  small  portion  of  air  being  mingled  with  the  other 
gases :  and  it  was  found  by  Sir  H  Davy  that  the  more  perfectly 
this  is  excluded,  the  less  is  the  amount  of  the  contraction  of 
volume.  If  the  cock  be  now  opened  underwater,  and  left  there 
for  a  few  minutes,  the  water  will  be  found  to  have  ascended  and 
entirely  filled  the  vessel.     Ifcnce  a  gas  must  have  been  gene- 

*  The  only  aeidi  that  do  not  pouew  this  property  are  those  that  have  a  lower  degree  of  acidity,  as 
the  eaibonic  and  boraeie  acida ;  or  those  which  saflfvr  a  chemical  ebaoffe  when  mixed  with  the  per- 
•xid^  of  bydrof  en. 
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rated  by  the  eombostion,  wbich^  though  not  absorbable  by 
mercury,  is  condensable  by  water. 

413.  If  a  phial  containing  the  mixed  gases  be  exposed  to  the  Ezp. 
sod's  rays  a  detonation  will  ensue,  which  will  probably  drive  out  ^flbetof 
the  stopper.    But  if  this  should,  not  happen  the  stopper  may  ugbu 
be  removed  under  water,  which  will  ascend  and  completely  fill 

the  phial  as  in  the  former  experiment. 

The  agency  of  light  may  be  beautifully  ahewn  by  fllHng  a  tabe  abeat  baff  E^. 
an  inch  diaaettrr,  and  12  inches  long,  with  the  mixed  Kates,  and  alternately 
shading  it  with  an  opake  coTer,  and  exposing  it  to  the  son^s  rays.  The  moment 
the  tube  is  exposed  even  to  the  diffused  light  of  day,  a  cloudiness  will  appear 
within  it,  and  the  water  will  ascend  more  or  lese  rapidly  according  to  tberinten* 
sity  of  the  light.  The  effect  oTen  of  a  paning  ciond  is  distinctly  seen  ia 
retarding  the  rapidity  of  the  combination,  wftiich  is  very  strikiog  in  the  foil  solar 
light. 

414.  It  had  been  supposed  that  the  direct  beams  of  the  sun 
were  necessary  to  explode  a  mixture  of  chlorine  and  hydrogen 
gases;  but  Professor  Silliman  has  related  the  accidental  explosion 
of  a  mixture  of  the  gases,  in  the  quantity  that  filled  a  Florence 
oil  flask,  not  only  when  no  direct  solar  light  fell  upon  it,  but 
when  the  diffuse  light  of  day  was  rendered  more  feeble  than 
common  by  a  thick  snow-storm.*  This  fact  furnishes  a  caution 
against  mixing  the  two  gases  in  considerable  quantities.  H, 
1.  268. 

415.  The  intense  light  issuing  from  charcoal  points  connected  sffeetofVof* 
with  a  powerful  galvanic  battery  has  been  found  by  Mr  Blende,  taicEieotneir 
as  effectual  as  solar  light  in  acting  on  hydrogen  and  chlorine  ^' 
gases ;  showing  a  curious  analogy  between  electric  and  solar 

light ;  for  ordinary  artificial  light  does  not  accelerate  the  com-       « 
bination.t 

416.  When  one  volume  of  hydrogen  gas  has  been  made  to  Munatto 
combine,  either  silently  or  explosively,  with  one  volume  of^***'*** 
chlorine,  the  product  is  two  volumes  of  a  new  gas,  Muriatic 
Jtdd,  differing  essentially  from  either  of  its  components,,  and 
especially  in  being  instantly  absorbed  by  water.     To  preserve 

it,  therefore,  in  a  gaseous  state,  it  is  necessary  to  confine  it  by 
quicksilver. 

417.  At  all  common  temperatures  and  pres^res,  it  is  per-  Liquid; 
maneot  in  this  form  ;  but  it  was  generated   by  Mr  Faraday  in 
close  tubes,  from  muriate  of  ammonia  and  sulphuric  acid,  in  a 
liquid  state.     Its  refractive  power  was  then  found  equal  to  that  of 
liquid  nitrous  oxide,  but  inferior  to  that  of  water.    The  pressure 

of  its  vapour  at  50^  F.  was  equal  to  about  40  atmospheres.  H.  268. 

418.  To  obtain  muriatic  acid  gas  in  sufficient  quantity  for  p^^^^fo 
the  exhibition  of  its  properties,  the  direct  combination  of  cblo-  obtaining. 
rine  apd  hydrogen  gases  is  not  an  eligible  process.     It  may  be 
procured  much  more  conveniently  in  the  following  manner. 

Let  the  tubulated  gas  bottle,  fig.  98,  a,  be  about  one  fourth,  ^^^ 
or  one  third,  filled  with  well  dried  chloride  of  sodium,  (common 
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salt)  in  lumps,  not  in  powder.  To  this  adapt  the  acid  holder, 
by  filled  with  concentrated  sulphuric  acid  ;  and  let  the  aperture 
of  the  bent  pipe  c,  terminate  under  a  jar  filled  with,  and  invert^ 
ed  in,  quicksilver*  Open  the  communication  between  the  acid 
and  the  salt,  by  turning  the  cock,  d  ;  and  immediately  on  the 
contact  of  these  two  bodies,  an  immense  quantity  of  muriatic 
acid  gas,  will  be  disengaged.  A  common  or  tubulated  gas  bot- 
tle, or  tubulated  retort  will  answer  suflSciently  well  for  procur- 
ing the  gas.  The  first  portions  that  come  over,  may  be  allowed 
to  escape  under  a  chimney  ;  because  they  are  contaminated  by 
the  admixture  of  common  air  present  in  the  bottle.  The  sub- 
sequent portions  may  be  preserved  for  use.  This  gas  was  first 
obtained  pure  by  Dr  Priestley,  but  its  composition  was  discov- 
ered by  Scheele,  and  has  since  been  most  ably  investigated  by 
Sir  H.  Davy. 
PropertMi.  419.  Muriatic  acid  gas  has  a  very  pungent  smell;  and  is 
suflSciently  caustic  to  blister  the  skin,  when  applied  to  it  for 
some  time.  When  brought  into  contact  with  common  air,  it 
occasions  a  white  cloud.  This  is  owing  to  its  union  with  the 
aqueous  vapour,  which  is  always  present  in  the  atmosphere. 

420.  It  extinguishes  a  lighted  candle.  Before  the  flame  goes 
out,  the  upper  part  of  it  assumes  a  greenish  hue.  A  white  va- 
pour also  surrounds  the  extinguished  wick,  owing  to  the  com- 
bination of  water,  produced  by  the  combustion  of  the  candle^ 
with  the  muriatic  acid  gas. 

421.  Muriatic  acid  gas  is  greedily  absorbed  by  water,  which 
at  40^  F.  Sir  H.  Davy  found  to  take  up  about  480  times  its  bulk, 
forming  a  solution  of  specific  gravity  1,2109.*  ^ 

Fill  a  narrow  jar,  or  tabe  cloaed  at  one  end,  with  muriatic  acid  gat,  oTcr  merca. 
Tj,  and  through  the  latter  pasa  up  a  few  dropi  of  water,  the  gai  will  be  rapidly 
abcort>ed,  and  the  mercurj  wiU  rise  in  the  veuel. 

Into  a  umilar  Teesel  filled  with  the  gat  introduce  a  piece  of  ice ;  it  will  be 
liquefied,  almott  as  rapidlj  at  if  touched  with  a  red  hot  iron,  and  the  gat  will  be 
abiorbed. 

422.  It  is  heavier  than  eommon  air.  Its  specific  gravity, 
air  =s  1,  is  1,28472  and  100  cubic  inches  weigh  39,1839.  Its 
specific  gravity,  oxygen,  =  1,  is  1,15625,  T ;  compared  with 
hydrogen  it  is  =  18,5. 

Anaijiii.  423.  Muriatic  acid  gas  may  be  decomposed  by  the  action  of 

several  of  the  metals.  Potassium,  for  instance,  absorbs  the 
chlorine  and  one  third  its  volume  of  hydrogen  is  evolved. 
Heated  zinc  and  tin  disengage  a  volume  of  h3*drogen  equal  to 
one  half  that  of  the  muriatic  acid  gas,  and  chlorides  of  those 
metals  are  obtained.! 

When  a  mixture  of  oxygen  and  muriatic  acid  gases  is  either 
electrized  or  transmitted  through  a  red  hot  porcelain  tube,  the 
oxygen  unites  with  the  hydrogen  of  the  acid,  and  the  chlorine 
of  the  latter  is  set  at  liberty.  A  similar  mixture,  Dr  Henry 
finds,  is  also  decomposed  by  being  exposed,  at  a  temperature 
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of  850^  F.  to  contact  with  the  platinam  sponge.  Water  la 
formed  and  the  disengaged  chlorine  acts  on  the  mercury  used 
to  confine  the  gas.*  H.  1^68. 

424.  As  the  specific  gravity  of  hydrogen  to  chlorine  is  as  1 
to  36,0,  muriatic  acid  will  consist  of  1  hydrogen  +  36,0  chio* 
rioe,  and  its  representative  number  will  be  37,0. 


Bj^rafW 
1. 

GhloriM 

9^ 

MwwtiAAoM 
37,0« 


When  oxygen  is  taken  as  the  unit,  the  atomic  weight  of  mu« 
riatic  acid  is  4,625. 

425.  It  is  in  the  state  of  watery  combination  that  muriatic 
acid  is  kept  for  chemical  purposes,  and  all  the  processes  for  pre- 
paring the  liquid  acid  have  for  their  object  the  disengagement  ItiS^iS^ 
of  muriatic  a<5id  gas,  and  its  absorption  by  water.  obt^ne^. 

426.  For  saturating  water  with  this  gas  we  commonly  employ 
Woulfe's  apparatus.  The  retort  being  furnished  with  the  bent 
tube,  a,  fig.  23,  and  placed  in  a  sand  bath.  The  Junctures  should  n*  i- 
bo  carefully  luted,  and  the  acid  should  be  added  to  the  salt  in 
the  retort  at  intervals.  The  water  employed  may  amount  to 
half  the  weight  of  the  salt,  and  may  be  equally  distributed  be- 
tween the  bottles.  These  it  is  better  to  surround  with  cold 
water,  or,  still  preferably,  with  ice  or  snow  ;  because  the  con- 
densation of  the  gas  evolves  considerable  heat,  which  prevents 
the  water  from  attaining  its  full  Impregnation.  When  the 
whole  of  the  sulphuric  acid  has  been  added,  and  the  gas  no 
longer  issues,  let  a  fire  be  lighted  in  the  furnace,  beneath  the 
sand  hath,  removing  the  bent  tube  a,  and  substituting  a  well 
ground  glass  stopper.  This  will  renew  the  production  of  gas ; 
and  the  temperature  must  be  preserved,  as  long  as  gas  continues 

to  be  evolved.  At  this  period  it  is  necessary  to  keep  the  luting 
which  connects  the  retort  and  receiver,  perfectly  cool.t  To- 
wards the  close  of  the  process,  a  dsrk-coloured  liquid  is  con- 
densed in  the  first  receiver,  consisting  of  a  mixture  of  sulphuric 
and  muriatic  acids.  .  When  nothing  more  comes  over,  the  oper- 
ation may  be  suspended,  and  the  liquid  in  the  two  receivers 
muiit  be  preserved  in  bottles  with  ground  stoppers*  It  consists 
of  liquid  muriatic,  or  hydrochloric  acid.     H.  272. 

427.  It  was  usual  to  explain  the  phenomena  which  are  ob- 
served in  these  processes,  by  saying  that  the  sulphuric  acid,  by 
its  superior  affinity,  aided  by  heat,  expelled  the  muriatic  acid 

gas  from  the  salt  and  united  with  its  soda.  The  discoveries  of  Sj^*'^"^ 
§ir  H.  Davy  have  taught  us  that  common  salt  (improperly 
termed  muriate  ofaoda^  since  it  neither  contains  muriatic  acid 
nor  soda)  is  a  binary  compound  of  chlorine  and  sodium  in  the 
proportions  of  36  parts  of  the  former  to  24  of  the  latter.  Sul- 
phuric acid  is  a  compound  of  40  parts  of  dry  acid  and  9  of  wa- 
^— ■        -.11..  1  ^— — — .— ~— i  11     11         '       I   ■   ■  I     — ^— 
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ter,  which  water  is  eomposied  of  8  of  oxygen  and  1  of  hydro- 
gen ;  and  when  sulphuric  acid  acts  upon  common  salt^  this  por- 
tion of  water  is  decomposed;  its  hydrogen  combines  with  the 
chlorine  to  form  muriatic  acid,  and  its  oxygen  transferred  to  the 
sodium  forms  soda,  which  unites  with  the  dry  sulphuric  acid  to 
form  sulphate  of  soda.  These  decompositions  are  further 
shown  in  the  following  table.* 


ariivriatieAeid 


Commoa 
BiOt      J 


ChloriM 


Bydrofoo 


Water  4.  DiT  Bolphnrie  Add 
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40 
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49  liquid  Svlphtirie  Add 
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38  Soda  -^  40  Oiy  Bolphnrio  Add 

\  ^  ■  ■    / 

nSulphataofSoda 

PropmiM.  438.  When  muriatic  acid  is  thus  dissolved  in  water,  it  forrl^ 
the  liquid  muriatic  acid^  or  spirit  of  salt.  When  pure  it  is 
perfectly  colourless,  but  it  generally  has  a  yellow  hue  arising 
from  accidental  impurities.  Its  yellow  colour  is  sometimes 
owing  to  muriate  of  iron  :  it  is  instantly  destroyed  by  a  few  drops 
of  muriate' of  tin,  but  thi^,  instead  of  diminishing,  obviously  in- 
creases the  impurity  of  the  acid.  When  prepared  by  Woulfe's 
apparatus,  the  product  in  the  second  bottle  is  always  perfectly 
pure.  It  sometimes  contains  sulphuric  acid,  which  may  be 
discovered  by  muriate  of  baryta  occasioning  a  white  precipitate, 
the  acid  may  be  purified  by  redistillation  from  a  fresh  portion 
of  common  salt. 

f^'rft^r      429.  The  specific  gravity  of  the  acid  of  commerce  is  gener- 

eomoMfoe.  ^Hy  about  1,166  ;  but  when  obtained  by  means  of  Woulfe's  ap- 
paratus;  and  especially  when  the  bottles  are  surrounded  by  ice 
or  snow,  it  approaches  l,500.t    H. 

430.  Liquid  muriaUc  acid  emits  white  suffocating  fumes,  con- 
sisting of  muriatic  acict  gas,  which  become  visible  by  contact 
with  the  moisture  of  the  air  (378).     When  heated  in  a  retort, 

J^prtijof  the  gas  is  disengaged,  and  may  be  collected  over  meronry.  It 
'^  is  not  decomposed  by  the  contact  of  charcoal,  or  other  combusti- 
ble bodies.  When  diluted  with  water,  an  elevation  of  tempera- 
ture is  produced,  less  remarkable,  however,  than  that  occasioned 
by  diluting  sulphuric  acid  (42) ;  and  when  the  mixture  has 
oooled  to  its  former  temperature^  a  diminution  of  volume  is 
found  to  have  ensued. 


the 


*  Ip  thi*  table  no  notica  is  taken  of  the  exeea  of  water  wfaidi  te  inreaentf  and  whidi  it  employed  ia 
divolYiiif  the  mariatic  acid,  with  whidi  i»rt  of  it  distiUi  orer.    Brande  ATamuii  of  Pkarmacf^  196. 
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431.  Murifttic  acid  oombines  readily  with  alkalies,  and  Trith  ^?»^JJ*j^ 
most  of  the  earths,  both   in  their  pure  and  carbonated  state.  ^^ 

H.  1.  27«. 

432.  When  liquid  muriatic  acid  is  brought  into  contact  with  D«eorapo«d 
•ny  subsunce  containing  oxygen  in  a  state  of  loose  combina-  Jj^'^I^J** 
tion,  the  hydrogen  of  the  acid  unites  with  the  oxygen  and  oxygtu. 
forms  water,  while  the  chlorine  is  liberated  in  a  gaseous  state. 

(312).  It  is  in  Ihb  way  that  chlorine  is  procured  for  the  pur- 
poses of  chemistry  and  the  arts,  but  instead  of  liquid  muriatic 
acid  it  is  usual  to  substitute  materials  capable  of  furnishing  the 
acid  gas  as  already  described. 

4S3.  Concerning  the  nature  of  chlorine  and  muriatic  aeid^  SiSine*ind 
the  opinions  of  chemists  have  undergone  frequent  changes.  By  munaticMid. 
Scheele,  the  discoverer  of  chlorine,  muriatic  acid  was  conceived 
to  be  compounded  of  a  certain  base  and  an  imaginary  principle  ^^^'^ 
ceileA  phlogiston  J  of  which  it  could  be  deprived  by  the  action 
of  certain  bodies.  But  as  it  was  afterwards  found  that  all 
bodies  which  are  capable  of  producing  this  change  in  muriatio 
acid  contain  oxygen,  and  that  their  proportion  of  oxygen  is 
diminished  by  the  process,  it  was  concluded  that  what  takes 
place  in  the  action  of  metallic  oxides  on  muriatic  acid  is  simply 
the  transfer  of  oxygen  from  the  oxide  to  the  acid,  and  the  gas 
which  resulted  was  then  called  oxy muriatic ,  or  oxygenated 
muriatic  acid.  This  view  of  the  subject  was  modified  in  con- 
sequence of  the  experiments  of  Sir  H.  Davy,  and  he  was  led  ^*^*' 
to  consider  the  muriatic  acid  as  a  compound  of  a  certain  basis 
with  water,  and  the  oxymnriatic  as  a  compound  of  the  same 
basis  with  oxygen.  It  was  found,  for  example,  that  when  a 
metallic  oxide  was  heated  in  muriatic  acid  gas,  oxymuriatic  acid 
was  obtained,  and  water  appeared  in  a  separate  state.  It  was 
therefore  evident  that  the  acid  gas  must  either  have  contained 
water  ready  formed  ;  or  the  elements  of  water ;  or  hydrogen 
capable  of  forming  water  with  the  oxygen  of  the  oxide. 

434.  Subsequent  experiments  led  to  a  different  theory,  and 
oxymuriatic  acid  is  now  considered  by  Sir  H.  Davy,  as  a  simple 
or  undecompounded  substance  and  muriatic  acid  as  a  compound 
of  that  simple  substance  with  hydrogen.  Thus,  according  to 
this  view,  to  convert  muriatic  acid  into  chlorine  we  have  only  to 
abstract  the  hydrogen  of  the  acid ;  and  ;o  convert  chlorine  into 
muriatic  acid,  we  have  only  to  supply  it  with  hydrogen  (366). 

435.  The  oxymuriatic  acid  or cA/orme  (as  it  is  now  called)  is 
supposed  to  unite  at  once  with  the  metals,  without  requiring, 
like  the  sulphuric,  nitric  and  other  acids,  that  the  metals  should 
£rst  be  in  the  state  of  oxides.*     H.  1.  275. 


*  For  4  ftiD  mMonak  of  Uw  oimiooi  which  hiive  be«D  nuiiauiMd  in  vegtrd  to  tbii  tubjeet,  Uw 
«m4m  i«  raAnml  to  dM  cont/ovomj  betw«eo  Dn  M urrmy  Md  J.  Davy,  in  Um  34ib  vol.  of  Niehobon** 
Jow. ;  to  Sir  U.  Davj's  popor  ia  tJw  Phii.  Tnuw.  Ibi  1610,  p.  If  9;  to  tho  8lh  vol.  of  Tr«M.  oftW 
Bojrml  Boo-  Edta. ;  the  Annak  of  PhiJotophy,  xli.  tl9  aod  Jiiii.  9S,  S83;  and  to  a  papar  by  Mi  K. 
FhUHpi,  is  tbt  mw  mmim  of  thU  work,  voL  i.  p.  37,  oulhe  action  of  chJoridw  on  wattr. 
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436.  Hydrogen  and  Bromine, — No  chemical  action  taket 
place  between  the  vapour  of  bromine  and  hydro^n  gas  at  com* 
mon  temperatures;  but  their  combination  is  effected  by  the  ac- 
tion of  bromine  on  some  of  the  gaseous  compounds  of  hydrogen. 
Thus  on  mixing  the  vapor  of  bromine  with  hydriodic  acid,  sul- 
phuretted hydrogen,  or  phosphuretted  hydrogen  gases,  decom- 
position ibllows,  and  a  colourless  gas,  possessed  of  acid  proper- 
ties is  generated.  To  this  gas  the  name  of  Hydrobromie  add 
is  applied.  A  mixture  of  bromine  and  phosphorus,  slightly 
moistened,  yields  a  large  quantity  of  pure  hydro-bromic  acid 
gas,  which  may  be  collected  over  murcury. 

437.  Hydro-bromic  acid  gas  is  colourless,  has  an  acid  taste 
and  a  pungent  odour.  It  irritates  the  glottis  powerfully,  excrtes 
cough,  and  when  mixed  with  moist  air,  yields  white  vapours, 
which  are  denser  than  those  occasioned  by  muriatic  acid. 

438.  It  is  not  decomposed  when  transmitted  through  a  red 
hot  tube,  either  alone  or  mixed  with  oxygen.  Chlorine  decom- 
poses it  with  the  production  of  muriatic  acid  gas,  and  deposition 
of  bromine.  Potassium  and  tin  decompose  it  with  facility,  the 
first  at  common  temperatures,  the  last  by  the  aid  of  heat. 

439.  Hydro-bromic  acid  is  very  soluble  in  water.  The  so- 
lution may  be  made  by  treating  bromine  with  sulphuretted  hy- 
drogen dissolved  in  water,  or  still  better,  by  transmitting  a  cur- 
rent of  hydro-bromic  acid  gas  through  pure  water.  The  liquid 
becomes  hot  during  the  condensation,  acquires  great  density, 
increases  in  volume,  and  emits  white  fumes  when  exposed  to 
the  air.  This  acid  solution  is  colourless  when  pure,  but  pos* 
sesses  the  property  of  dissolving  a  lai^e  quantity  of  bromine, 
and  then  receives  the  tint  of  that  substance. 

440.  Chlorine  decomposes  the  solution  of  hydro-bromic  acid 
in  an  instant.  Nitric  acid  likewise  acts  upon  it,  though  less 
suddenly,  occasioning  the  disengagement  of  bromine,  and  proba- 
bly the  formation  of  water  and  nitrous  acid.  The  nitro-kydro- 
bromic  add  is  analogous  to  aqua  regia  and  possesses  the  pro- 
perty of  dissolving  gold. 

441.  The  metallic  oxides,  do  not  act  in  an  uniform  manner 
on  the  hydro*bromic  acid.  The  alkalies,  earths,  the  oxides  of 
iron,  and  the  peroxides  of  copper  and  mercury,  form  compounds 
which  may  be  regarded  as  hydro- bromates  ;  whereas  the  oxide 
of  silver  and  the  protoxide  of  lead,  give  rise  to  double  decompo- 
sition, in  consequence  of  which  water  and  a  metallic  bromuret 
result. 

4'I2.  When  hydro-bromic  acid  is  decomposed  by  potassium, 
a  quantity  of  hydrogen  remains  precisely  equal  to  half  the  vol- 
ume of  the  gas  employed ;  and  when  hydriodic  acid  gas  is  de- 
composed by  bromine,  the  resulting  hydro-bromic  acid  occupies 
the  same  space  as  the  gas  which  is  decomposed.  It  is  hence 
apparent  that  100  measures  of  hydro-bromic  acid  gas  contain  50 
measures  of  the  vapour  of  bromitie  and  fifty  of  hydrogen.     T. 


SECT.  I.  Hydriodic  Acid.  135 

443.  Hydrogen  and  Iodine. — When  a  mixture  of  hydrogen 
and  ihe  vapour  of  iodine  is  transmitted  through  a  red  hot  por- 
celain tube,  direct  combination  takes  place  and  hydriodic  acid 
gas  is  formed. 

444.  This  gas  may  be  obtained  by  the  action  of  water  on  H«wob. 
the  iodide  of  phosphorus.     Any  convenient  quantity  of  moist-  ***■«*• 
ened  iodine  is  put  into  a  small  glass  retort,  and  about  one  twelfth 

of  its  weight  of  phosphorus  is  then  added. '  An  iodide  of  phos- 
phorus is  formed,  which  reacts  upon  the  water.  Mutual  decom- 
position ensues;  the  oxygen  of  the  water  unites  with  the  phos- 
phorus, and  the  hydrogen  with  the  iodine,  giving  rise  to  the  for- 
mation of  phosphoric  and  hydriodic  acids.  On  the  application  of 
a  moderate  heat,  the  latter  passes  over  in  the  form  of  a  colour- 
less gas. 

445.  Hydriodic  acid  is  very  sour,  and  smells  like  muriatic  Propertiu. 
acid.     Its  specific  gravity  was  found,.by  experiment  to  be  4,443, 

by  calculation,  to  be4,4S8;  compared  with  hydrogen  its  specific 
gravity  is  6i2,5  to  1;  100  cubic  inches  weighing  133,6  grs. 
H.  1.  879.« 

446.  It  is  decomposed  by  Voltaic  electricity,  iodine  appear-  Efibetofeiee. 
ifig  at  the  positive,  and  hydrogen  at  the  negative  pole.  ^^^^' 

447.  It  is  instantly  decomposed  by  chlorine,  which  produces  of  eUorine 
muriatic  acid  and  the  blue  vapour  of  iodine  is  rendered  evident. 
These  gases  often  take  fire  on  mixture. 

It  is  decomposed  by  those  oxides  which  hold  their  oxygen  of  esfdat. 
loosely,  and  combines  with  the  rest,  forming  neutral  salts  called 
kydriodaiesA    H.  1  281. 

448.  That  Hydriodic  acid  gas  consists  of  equal  volumes  of  eonporitioa. 
hydrogen  and  vapour  of  iodine  is  shown   by  the  action  of  mer- 
cury, which  by  absorbing  the  iodine,  evolves  half  a  volume  of 
hydrogen  from  one  of  the  gas. 

449.  It  is  composed  by  weight,  according  to  Oay-Lussac,  of 
100  iodine  and  0,849  hydrogen  ;  but  correcting  the  specific 
gravity  of  hydrogen  gas  to  0,0694  its  true  composition  will  be, 
by  weight 

Hydrogen    .    1  atom 1 

Iodine  .    1    ^*       125 

Weight  of  Its  atom    ......  126.    H. 

Oxygen  being  =:  1  the  atomic  weight  would  be  15,625.     T. 

450.  Hydriodic  acid  gas  is  rapidly  absorbed  by  water,  the 
solution  is  fuming  and  has  the  density  of  1 ,7.  The  solution  ex- 
posed to  a  temperature  below  260^  becomes  concentrated  by  loss 
of  water;  at  about  260^  it  boils,  and  may  be  distilled.  It  be- 
comes dark  coloured  when  kept,  in  consequence  of  a  partial  de- 
composition, and  it  readily  dissolves  iodine,  becoming  of  a  deep 
brown  colour. 


*  DrTbooMon  bmIcm  tbo  tpeoiflo  fraritf  4,34097  air  s  1,  and  the  weigfit  wt  100  cubic  incbaa 


t  Ofdbaaaaalti,that  with  baaa  af  poUaM  ia  inad  in  medicina;  a  prooau  for  piaparinf  it  ad- 
veotafaooalj  ia  daacribad  ia  iba  Jtm,  9tI*kff0S,  N.  &  vu.  469. 
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451.  The  liquid  hydriodic  acid  is  best  prepared  by  passbg 
sulphuretted  hydrogen  through  a  mixture  of  iodine  and  water; 
the  hydro^^en  unites  with  the  iodine,  and  the  sulphur  is  precip- 
'itated,  and  on  heating  and  filtering  the  liquor,  a  pure  solution 
of  hydriodic  acid  is  obtained,  which  may  be  concentrated  by 
evaporation.  Till  it  attains  the  temperature  of  257^  water  only 
distils ;  above  this  point,  the  acid  itself  is  volatilized  and  remains 
stationary  at  26d^<^,  its  density  being  then  1,7.  With  solutions 
of  lead  it  gives  a  fine  orangci  precipitate,  with  solution  of  perox- 
ide of  murcury,  a  red  one  ;  and  with  silver  a  while  precipitate^ 
insoluble  in  ammonia. 


toiiiod. 


Other  pro- 


Seotioet  IL    Nitrogen, 

9 

452.  This  was  first  recognised  as  a  distinct  aeriform  fluid  by 
Dr  Rutherford,  in  1773.  (Thesis,  De^Sere  Mq^hitieo.)  It  may 
be  obtained  b}^  heating  phosphorus  in  a  confined  portion  of  dry 
atmospheric  air,  which  consists  of  nitrogen  and  oxygen ;  the 
phosphorus  absorbs  the  latter,  and  the  former  gas  remains.  Af- 
ter repeated  washing  it  may  be  considered  as  pure. 

453.  It  may  also  be  obtained  by  inverting  a  jar  full  of  common 
air  over  a  mixture  of  equal  weights  of  iron  filings  and  sulphur 
made  into  a  paste  with  water.  But  this  process  requiFes  much 
time. 

A  quicker  process,  for  procuring  nitrogen  gas,  consists  in 
filling  a  bottle,  about  one  4th,  with  a  solution  of  nitrous  gas 
in  liquid  sulphate  of  iron,  or  with  liquid  sulphuret  of  lime,  and 
agitating  it  with  the  air,  which  fills  the  rest  of  the  bottle.  Dur- 
ing the  agitation,  the  thumb  must  be  firmly  placed  over  the 
mouth  of  the  bottle ;  and,  when  removed,  the  mouth  of  the 
bottle  must  be  immersed  in  a  cup  full  of  the  same  solution^ 
which  will  supply  the  place  of  the  absorbed  air.  The  agitatioot 
and  admission  of  fluid  must  be  renewed,  alternately,  as  long 
as  any  absorption  takes  place. 

Nitrogen  may  be  procured  from  the  lean  part  of  flesh  meat, 
(beef  for  example),  which  may  be  put  into  a  gas  bottle,  along 
with  very  dilute  nitric  acid.  By  a  heat  of  about  100^,  the  gas 
is  disengaged,  and  may  be  collected  over  water.  Its  source  has 
been  satisfactorily  traced  to  the  animal  substance,  no  part  of  it 
proceedinjgi;  from  the  nitric  acid. 

454.  Tiiis  gas  is  fatal  to  animal  life  and  was,  on  this  account, 
DrrivatioD  of  named  by  Lavoisier  jizoie  or  Jizoiic  gas^  derived   from  the 

Greek  privative  »  and  ^arjrf,  life.  This  being  but  a  negative  pro- 
perty, has  been  deemed  an  improper  foundation  for  its  nomen- 
clalure;  and  the  term  nitrogen  has  been  substituted,  because 
one  of  (he  most  important  properties  of  its  base  is,  that  by 
union  with  oxygen,  it  composes  nitric  acid.     H.  1.  281. 
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455.  Nitrogen  is  not  inflammable ;  and  a  lighted  taper  im- 
mersed in  it  is  extinguished.     Even  phosphorus  in  a  state  of 
active  inflammation  is  mstantly  extinguished  by  it     This  is  best  ^xp.. 
shown  by  placing  the  burning  phosphorus  in  a  tin  cup  raised 

by  a  stand,  fig.  36,  over  the  surface  of  the  water,  and  quickly  p,  ,. 
inverting  over  it  ajar  filled  with  nitrogen  gas. 

456.  When  mixed  with  pure  oxygen  gas,  in  the  proportion 
of  four  parts  to  one  of  the  latter,  it  composes  a  mixture  resem- 
bling atmospheric  air  in  all  its  properties.    Of  this  any  one  ^ 
may  be  satisfied,  by  mixing  four  parts    of  nitrosen  with  one     ^ 
of  oxygen  gas,  and  immersing  in  the  mixture,  a  lighted  taper. 
The  taper  will  burn  as  in  atmospherical  air.     H. 

457.  It  is  not  absorbed  by  water.  It  is  a  little  lighter  than 
atmospheric  air,  100  cubic  inches  being  found  by  Sir  H.  Davy 
to  weigh  30,04  grains  under  a  pressure  of  30  inches,  and  at 
the  temperature  of  55""  Fahrenheit.  At  60"^  Fahrenheit,  100 
inches  weigh,  therefore,  29,73  grains.  According  to  Dr  Thom- 
son its  specific  gravity  is  0,9722  air  =  1 ;  0,875  oxygen  =s  1  > 
and  100  cubic  inches  weigh  29fi521  grains. 

458.  That  nitrogen  is  not  an  element,  but  itself  a  compound, 

has  been  long  suspected,  and  various  attempts  have  been  made  ofdtnl^ 
to  discover  its  ingredients.  Berzelius,  from  the  combination  of 
experiment  with  much  theoretical  reasoning,  has  deduced,  that 
nitrogen  is  compounded  of  oxygen  and  an  unknown  base.* 
This  base,  however,  is  purely  hypothetical ;  and  has  never  yet 
been  exhibited  in  a  separate  state.  Berzelius  has  proposed  for  it 
the  name  of  nitricwn. 

459.  When  the  compounds  of  nitrogen  are  submitted  to  Vol- 
taic decompositions,  it  is  attracted  by  the  negative  pole. 

460.  Nitrogen  and  oxygen. — W^hen  nitrogen  and   oxygen  o^^y^yj^^ 
gases  are  mingled  together,  in  whatsoever  proportions  they  are  of  the  con- 
employed,  no  combination  ensues.    The  result  is  a  simple  mix-  Suog^ntad 
jkure  of  the  two  gases,  which  do  not,  like  inelastic  fluids,  sepa-  ^'^t^* 
rate  on  standing,  but  remain  difiused  through  each  other  for  an 
indefinite  length  of  time.     When,  however,  either  one  or  both 

of  these  elements  is  in  a  condensed  state,  or  deprived  of  part  of 
that  caloric  which  keeps  the  gravitating  particles  of  all  gases  at 
a  distance  from  each  other,  they  unite  and  form  compounds, 
distinguished  by  very  striking  properties.  According  to  the 
proportions  in  which  the  oxygen  and  nitrogen  exist  in  these 
compounds,  their  qualities  undergo  a  remarkable  variation  ;  so 
that  from  two  elementary  bodies,  variously  united,  we  have 
several  compounds,  totally  unlike  each  other  in  external  quali- 
ties, as  well  as  in  their  chemical  relations. 

461.  In  a  series  of  the  compounds  of  nitrogen,  founded  on 
their  proportion  of  oxygen,  they  occupy  (excluding  atmospheri- 
cal air  from  the  number)  the  following  order,  the  last  containing 
the  largest  proportion  of  oxygen  ;  nitrous  oxide — nitric  oxide  or 
nitrous  gas — hypo-nitrous  acid — nitrous  acid  or  nitrous  vapour 
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— aod  nitric  acid.  The  two  first  are  spariagly  soluble  in  wa- 
ter ;  but  the  three  last  unite  with  it  largely,  and  form  liquid 
compounds  of  decidedly  acid  taste  and  quality.     H.  1.  297. 

462.  Protoxide  of  Nitrogen,  or  nitrous  oxide,  may  be  ob* 
tained  by  several  processes.  By  dissolving  zinc,  or  tin,  in 
nitric  acid,  diluted  with  five  or  six  times  its  weight  of  water. 
Zinc,  during  this  solution  disengages  nitrous  oxide  till  the  acid 
begins  to  exhibit  a  brownish  colour,  when  the  process  must  be 
suspended,  as  nitrous  gas  is  then  formed.  But  the  gas  thus 
obtained  is  impure. 

463.  To  procure  it  in  a  state  of  purity,  a  salt,  to  be  hereafter 
described,  called  nitrate  cf  ammonia^  is  heated  in  a  retort  over 
an  Argand  lamp.  The  heat  should  not  be  raised  beyond  440^ 
F!  The  salt  will  presently  liquefy,  and  must  be  kept  gently 
simmering,  avoiding  violent  ebullition.  The  gas  may  be  col- 
lected over  water,  and  allowed  to  stand  for  a  few  hours  before  it 
is  used,  during  which  time  it  will  deposit  a  white  substance, 
and  become  perfectly  transparent 

464.  A  gazometer,  however,  is  best  adapted  for  its  reception, 
because  all  danger  is  then  avoided  of  the  water  of  the  trough 
being  forced  into  the  retort ;  and  because  the  gas  is  brought 
into  contact  with  a  much  smaller  surface  of  water,  which  has 
the  property  of  absorbing  a  considerable  proportion  of  the  gas. 
On  this  account,  water  which  has  been  once  used  to  confine  the 
gas,  may  be  kept  for  the  same  purpose. 

465.  The  changes  that  take  place  during  the  conyerslon  of 
nitrate  of  ammonia  into  nitrous  oxide,  are  the  following.  Ni- 
tric acid  is  composed  of  oxygen  and  nitrous  gas,  ammonia  of 
hydrogen  and  nitrogen.  In  a  high  temperature,  the  nitrous  gas 
combines  with  an  additional  dose  of  nitrogen,  and  forms  nitrous 
oxide ;  while  the  oxygen  of  the  decomposed  nitric  acid  unites 
with  the  hydrogen  of  the  ammonia,  and  forms  water. 

466  The  gas  thus  obtained,  was  termed,  by  its  discoverer, 
Dr  Priestley,  dephlogisticated  nitrous  air  ;  by  the  Dutch 
chemists  gaseous  oxide  of  azote.  Its  most  appropriate  title  is 
protoxide  of  nitrogen* 

467.  It  is  considerably  heavier  than  common  air.  Sir  H. 
Davy  has  stated  100  cubic  inches  (at  30  inches  pressure  and  at 
60^  F.)  to  weigh  between  48  and  49  grains ;  and  hence  its 
specific  gravity  should  be  very  nearly  1,6.  According  to  Dr 
Thomson,  100  cubic  inches  weigh  46,5972  grs.  and  its  specific 
gravity,  air  =  1,  is  1,5277;  oxygen  =  1,  1,375. 

468.  Mr  Faraday  has  obtained  nitrous  oxide  in  a  liquid  form, 
under  a  pressure  of  above  50  atmospheres.  For  this  purpose 
nitrate  of  ammonia  previously  made  as  dry  as  could  be,  was 
sealed  up  in  a  bent  tube,  and  then  heated  in  one  end,  the  other 
being  kept  cool.  Two  fluids  were  thus  obtained  ;  the  heavier, 
proved  to  be  water  with  a  little  acid  and  nitrous  oxide  in  solu- 
tion ;  the  other  was  nitrous  oxide  in  a  liquid  state.    It  was 


*  For  a  fall  Moouat  of  thii  gw,  no  Sir  H*  Davy*!  BaoanbVi  Iioad.  1809. 
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colourless,  limpid^  and  so  volatiley  that  the  warmth  of  the  hand 
caused  it  to  disappear  in  vapour.  It  boiled  readily  by  the  dif- 
ference of  temperature  between  0  and  50^.  It  had  no  tendency 
to  solidity  at-— 10*.  A  tube  being  opened  in  the  air,  the  nitrous 
oxide  instantly  burst  into  vapour,  and  another  tube  being  opened 
under  water,  the  gas  was  collected.* 

469.  Sir  H.  Davy  discovered  that  nitrous  oxide  may  be  ta-  iftjMiv. 
ken  into  the  lungs  with  safety ,t  and  that  it  supports  respiration  '*''*'' 
for  a  few  minutes.     A  few  deep  inspirations  of  it  are  followed 

by  most  agreeable  feelings  of  excitement,  similar  to  the  early 
stages  of  intoxication. 

The  experiment  of  breathing  this  gas,  however,  cannot  be 
made  with  impunity,  especially  by  those  who  are  liable  to  a 
determination  of  blood  to  the  head.} 

470.  Nitrous  oxide  has  a  distinctly  sweet  taste,  and  a  pecu* 
liar  but  agreeable  odour.  Water  takes  up  about  its  own  bulk 
of  this  gas,  and  evolves  it  again  unchanged  when  heated. 

471.  Nitrous  oxide  supports  combustion,  and  a  taper  intro- Sapoortt 
duced  into  it  has  its  flame  much  augmented  and  surrounded  by  <^<"'^^^"'*^' 
a  purplish  halo.    Phosphorus  and  sulphur,  when  introduced  in 

a  state  of  vivid  ignition  into  this  gas,  are  capable  of  decompos- 
ing it,  and  burn  with  the  same  appearance  nearly  as  in  oxygen ; 
but,  if  when  put  into  the  gas,  they  are  merely  burning  dimly, 
they  then  do  not  decompose  it  and  are  extinguished,  so  that 
they  may  be  melted  in  the  gas,  or  even  touched  with  a  red  hot 
wire  without  inflaming,  (but  when  wire  intensely  heated,  or 
made  white  hot,  is  applied,  the  phosphorus  bums,  or  rather 
detonates,  with  prodigious  violence.  H.)  Charcoal,  and  many 
of  the  metals,  also  decompose  nitrous  oxi(}e  at  high  tempera- 
tures. 

472.  A  mixture  of  this  gas  with  hydrogen  gas  detonates,  od 
applying  a  lighted  taper,  or  passing  an  electric  spark,  and  is  de-  iMoiiatM 
composed  also  by  spongy  platinum  at  common  temperatures.  "^^^^^ 
Nitrous  oxide  forms  a  combustible  mixture  with  ammoniacal 

gas,||  100  measures  of  the  latter  requiring  for  perfect  decompo* 
sition  150  of  nitrous  oxide.  It  burns  also  when  mixed  with 
olefiant  gas§  and  Dr  Henry  has  pointed  out  an  easy  and  summary 
way  of  analyzing  it,  by  firing  it  over  mercury  with  carbonic 
oxide.f     In  this  case  1  vol.  of  nitrous  oxide  is  decomposed  by 

*  PJUf.  Trwu.  1833,  p.  105.  f  R$$Mrehf4  on  the  nitrout  oxidt. 

t  Id  oid«r  to  UMrUin  whetiwr  nitrous  oiide  bo  adaltorated  with  oithor  commoD  «ir  or  oxyfon  g«s 
iv«  may  mx  eqwd  nwiiwrm  of  the  gu  under  ezaminatioa,  and  of  nitrous  fas.  If  ttny  diminatioo  an* 
ioe  tfao  praaaooa  of  ona  of  then  may  be  suipocted ;  and  tba  amount^of  the  diminution  will  diow  which 
of  them  is  eomaioed  in  it.  Nttrowi  gas,  however,  it  a  much  moro  common  eentaminatimi ;  for  it  ia 
ganerated,  along  with  nitrous  oxide  whenever  the  temperature  of  the  lalt  is  raised  too  high.  Its  pra- 
seoee  may  be  detected,  either  by  red  fiimei  and  a  diminntioo  on  the  admixture  of  oxygen  gas ;  or  1^  an 
abaorptloB  boii^  eSected,  on  agitating  the  gas  with  a  solution  of  green  sulphate  of  iron,  whicJi  has  ao 
getkn  on  pure  nitrons  oxide.  H.  1.  SOS. 

II  Henry  in  PkiUt'  Ttoms.  1800,  p.  444.  $  Davy,  RcsearchtSt  p.  373. 

f  wAw.  HtPkiht.  N.  B.  viii.  9W. 
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1  vol.  of  carbonic  oxide^  and  there  result  1  vol.  of  carbonic  acid 
and  1  vol.  of  nitrogen.  On  thia  is  founded  a  ready  and  eorrltct 
method  of  testing  the  purity  of  nitrous  oxide.* 

473.  At  a  red  heat  this  gas  is  decomposed  and  converted  into 
nitrogen  and  nitric  oxide,  undergoing  at  the  same  time  an  in'- 
crease  of  bulk.  For  experiments  of  this  kind  the  following 
simple  apparatus  may  he  used  :  It  consists  of  two  bladders,  fig. 
99,  one  of  which  is  filled  with  the  gas,  and  the  other  empty, 
attached  to  the  extremities  of  a  porcelain  tube  which  traverses 
the  body  of  a  furnace.  The  bladders  are  supplied  with  stop- 
cocks, and  the  gas  is  squeezed  from  one  to  the  other  when  the 
tube  is  retl  hot. 

474.  The  best  analysis  of  this  gas  is  effected  by  detonation 
with  hydrogen;  one  volume  of  nitrous  oxide  requires  one 
volume  of  hydrogen.  This  mixture  fired  by  the  electric  sparky 
produces  Water,  and  one  volume  of  nitrogen  remains.  NoW| 
as  one  volume  of  hydro.s:en  takes  half  a  volume  of  oxygen  to 
form  water,  nitrous  oxide  must  consist  of  two  volumes  of  nitro- 
gen and  one  volume  of  oxygen ;  these  three  volumes  being  so 
condensed  in  consequence  of  chemical  union,  as  only  to  fill  the 
space  of  two  volumes.  The  specific  gravity  of  nitrogen  com- 
pared with  oxygen,  is  as  14  to  16  ;  nitrous  oxide,  therefore^ 
consists  of 

14  Nitrogen 
8  Oxjrgea 

Number  for  nifrout  oxide,  ^  22t 


or, 


Nttiogen 
14 

Oxygen 

s 

Nitron* 

Oxide 

88 

Nitrona  fs*M. 
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475.  Nitric  oxide  j  deutoxide  of  nitrogen^  or  nitrous  gas. — 
This  gas,  though  discovered  by  Dr  Hales,  was  first  examined  by 
Dr  Priestley,  and  called  by  him  nitrous  air,  a  term  afterwards 
changed  to  nitrous  gaSy  then  to  nitric  oxide,  and  more  lately 
to  deutoxide  of  azote,  or  deutoxide  of  nitrogerty  which  last 
appears  to  be  its  most  appropriate  title.  It  is  more  generally 
known,  however,  under  the  name  of  nitrous  gas.     H. 

476.  It  is  usually  obtained  by  presenting  certain  substances  to 
nitric  acid,  which  abstract  a  portion  of  its  oxygen,  leaving  the 
remaining  elements  in  such  proportions  as  to  constitute  the  gas 
in  question  ;  for  this  purpose  some  copper  filings  may  be  put 
into  a  gas  bottle,  (fig.  65,)  with  nitric  acid,  diluted  with  thrice 
its  bulk  of  water;  an  action  ensues,  red  fumes  are  produced, 
and  there  is  a  copious  evolution  of  the  gas,  which  may  be  col- 
lected and  preserved  over  water.  The  first  portions  should  be 
rejected  as  containing  nitrogen  and  nitrous  acid  gas.     Nitric 


•  See  HeDry*s  CkemiMtrf^  vol.  1.  p.  309,  edit.  lOtii. 

t  TeUng  oxygen  m  » 1  Uia  atomic  weight  of  aitrout  oxide  ie  8,75.  T. 


ncT.  11.  Deuioaride  of  Nitrogen,  141 

oxide  is  presently  recognized  by  iHe  red  fumes  which  it  pro-  ^^^  ^^^ 
duces  when  brought  into  the  ceniact  of  air.     Daring  this  pro-  pro««)H. 
cess  part  of  the  nitric  acid  %  gives  oxygen  to  the  copper;  and 
passes  to  the  state  of  nitrous  gas,  and  the  remaining  acid  unites 
with  the  deutoxide  of  copper,  and  composes  the  deutonitrate 
of  that  metal. 

477.  Quicksilver  may  be  substituted  for  the  copper;  but 
in  the  latter  case  it  will  be  found  necessary  to  apply  heat  to  the 
materials.     H.  1.  306. 

478.  When  mixed  with  oxygen  gas  red  fumes  arise,  heat  is  EA^tof 
evolved,  a  diminution  takes  place,  and  if  the   two  gases  be  in  oxyc<«. 
proper  proportion,  and  perfectly  pure,  they  disappear  entirely. 

The  product  of  this  union  is  possessed  of  acid  properties,  which 
may  be  shown  by  the  following  experiment. 

Paste  a  slip  of  litmuv- paper  within  a  ghin  jar,  n«er  the  bottom  ;  anc|  ihto  the 
jar,  filled  witti  asd  inverted  in  water,  admit  ai  mncii  nitrous  vas,  prtvioQ«ly  wcU  ^p* 
washed,  as  will  displace  the  water  below  the  level  of  the  paper.    The  colour  of 
the  litmus  wili  remain  ttnehang;ed  ;  but  on  adding  oxygen  gas  it  will  be  imme- 
diately reddened.    H.  311. 

479.  Nitrous  gas  is  rather  heavier  than  common  air ;  100  specific 
cubic  inches  at  60°  F.  barometer  30,  weigh  32  grains,  and  its  *'*''**^* 
specific  gravity   is  1,050.*     According  to   Dr   Thomson    100 
cubic  inches  weigh  31,7708  grains  and  its  specific  gravity  is 
1,04166,  air  =  1,  or  0,9375  oxygen  =  1.     Its  specific  gravity 

to  hydrogen  fs  as  15  to  1. 

480.  When  it  has  been  washed  with  water  it  is  not  acid,  as  Prop^^ies. 

E roved    by   the   colour   of  the   litmus    remaining   unchanged 
y  it.     (472.) 

481.  It  extinguishes  most  burning  bodies  ;  but  phosphorus 
readily  burns  in  it  if  introduced  in  intense  ignition.  Mingled 
with  hydrogen  gas  it  imparts  a  green  colour  to  its  flame.  A 
mixture  of  hydrogen  and  nitrous  gas  is  decomposed  by  spongy 
platinum  at  common  temperatures. 

482.  Nitrous  gas  is  decomposed  by  exposure  to  almost  all  Decomposi- 
bodies  that  attract  oxygen.     Thus  iron  filings  decompose  it, 

and  become  oxidized,  afibrding  a  proof  of  the  presence  of 
oxygen  in  this  gas.  During  this  process,  water,  ammonia,  and 
nitrous  oxide,  in  the  proportion  of  one  volume  from  two  of 
nitrous  gas,  are  generated.  Sulphuret  of  potassa,  &c.  have  a 
similar  efiect.  Sulphuret  of  baryta  gives  one  half  its  volume 
of  nitrogen.  Mixed  with  sulphurous  acid,  nitrous  gas  is  decom- 
posed, and  this  acid  is  changed  into  the  sulphuric,  but  not  un- 
less water  is  present.t  Nitrous  gas,  does  not,  with  hydrogen 
gas,  afibrd  a  mixture  that  can  be  exploded  by  the  electric  spark, 
but,  with  ammoniacal  gas,  it  may  be  fired  in  a  Volta's  eudi- 
ometer over  mercury.  .The  oxygen  of  the  nitrous  gas  unites 
with  the  hydrogen  of  the  ammonia,  and  the  nitrogen  of  both 
gases  is  set  at  liberty.     H.  1.  311. 


X'ftvy*  t  NichoUioa*i  Jour.  zvii.  43. 
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483.  Bodies  that  have  a  still  more  powerful  affinity  for  oxy- 
gen, resolve  nitrous  gas  into  its  ultimate  elements,  arsenic, 
zinc  or  potassium,  when  heated  in  ity  evolve  half  iu  volume  of 
nitrogen. 

If  therefore  we  call  nitrous  oxide  a  compound  of  1  propor- 
tional, or  atom,  of  nitrogen  -f- 1  of  oxygen,  then  nitrous  gas  may 
be  considered  as  consisting  of  1  nitrogen  -|-  2  oxygen,,  or  by 
weighty  14  nitrogen  +  16  oxygen,  and  its  symbol  will  stand  thus 


Nitrogen 
14 

Oxmn 

Nitrous  gaa 
30 

8 

^^  A  piece  of  glowing  charcoal  plunged  into  nitrous  gas  is  pre- 

sently extinguished,  but  if  it  be  passed  through  a  porcelain  tube 
containing  red  hot  charcoal,  nitrogen  and  carbonic  acid  and 
oxide  are  produced.     B. 

484.  Its  composition  was  ascertained  by  Sir  H.  Davy  by  the 
combustion  of  charcoal.  Two  volumes  of  the  gas  yielded  one 
volume  of  nitrogen  and  about  one  of  carbohic  acid  ;  *  whence 
it  was  inferred  to  consist  of  equal  measures  of  oxygen  and  ni- 

'  trogen  united  without  any  condensation.     6ay-Lussac  and  Dr 

Henry  have  proved  the  same  fact.  When  potassium  was  heated 
in  100  measures  of  the  gas,  50  measures  of  pure  nitrogen  were 
left,  and  the  loss  of  weight  corresponded  to  50  measures  of 
oxygen.t 

485.  Nitrous  gas  is  absorbed  by  the  green  sulphate  and  mu- 
riate of  iron,  which  do  not  absorb  nitrogen  gas.  To  ascertain 
therefore  how  much  nitrogen  gas  a  given  quantity  of  nitrous 

f;as  contains,  it  may  be  agitated  in  a  tu1?e  with  one  of  these  so- 
utions.  This  solution  is  employed  in  eudiometry. 
Nitrotwfrai  486.  NUvous  Oos  and  Chlorine f  when  both  are  perfectly 
aad  chioriM.  j,.y^  excrt  no  mutual  action,  but  the  presence  of  water  causes 
an  immediate  change  ;  it  is  decomposed,  and,  furnishing  oxygen 
to  the  nitric  oxide,  and  hydrogen  to  the  chlorine,  nitrous  acid 
and  muriatit  acid  gases  are  generated.  It  was  the  presence  of 
water  which  misled  those,  who  thought  that  the  red  fumes  pro- 
duced by  mixing  nitric  oxide  and  chlorine  not  carefully  dried, 
resulted  from  the  existence  of  oxygen  in  chlorine. 

487.  HypO'nitrous  Add. — Gay-Lussac  has  concluded  from 
hiS' experiments  that  there  exists  a  compound  of  nitrogen  and 
oxygen  intermediate  between  nitric  oxide  and  nitrous  acid, 
which  he  has  termed  per-nitrous  acid,  but  to  which  the  term 
hype-nilrotu  add  is  more  applicable.  He  considers  it  a  com- 
pound of  1  proportional  of  nitrogen,  and  3  of  oxygen. 
itietiitmM  When  400  measures  of  nitrous  gaa,  and  100  measures  of 
hypotiietic«i.  oxygen  (in  which,  taken  together,  the  nitrogen  and  oxygen  are 
to  each  other  by  measure  as  100  to  150)  are  mixed  together 


*  Davy*!  Ekmeti^  p.  900.      t . JfeiMtfCt  f  JtrcutU* 
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over  a  solution  of  potassa  confined  by  mercury,  we  obtain  100  AbwrUdi^ 
ineasurea   of  this  compound,*  .which  however,  is  so  far  hy- {Jjl*** 
pothatical  that  it  has  never  yet  been  exhibited  in  a  separate 
ibrm,  for  when  a  stron^r  acid  is  added,  to  expel  it  from  the 
potassa,  it  is  resolved  into  nitrous  gas  and  nitrous  acid. 

488.  Hypo-nitrous  acid  contains  three  times  more  oxygen  than  compottiion. 
the  protoxide  of  nitrogen ;  so  that  by  weight,  it  is  formed  of 

Nitroi^cn     14    •     1  atom. 
Oxjgeo      f4    •    3  atom. 

Wti^t  of  iU  atom      38 

489.  t/itrSi3  Acid  Oas, — ^When   nitric  oxide  is  presented  jntrowid* 
to  oxygen,  the  two  gases  combine,  and  a  new  gaseous  compound  lu. 

of  a  deep  orange  colour  results. 

Into  a  iMfe  glw*  globe,  or  other  conrenieat  vetiel,  previoatlj  filled  with  Expi 
water,  iotroduce  ralBoient  Ditrout  gas  to  displace  about  two  thirds  of  the  water. 
Oo  pMtmg  into  it  oxjgen  ga^the  ytutl  will  become  filled  with  deep  orange 
coloured  nitrous  acid  gas. 

This  compound  is  not  easily  examined|  because  it  is  absorbed  Notesniv 
both  by  quicksilver  and  water,  so  that  to  preserve  it  for  exami-  •»»«^n«»« 
nation^  we  are  obliged  to  resort  to  exhausted  glass  vessels.  When 
we  thus  mix  two  volumes  of  nitric  oxide  with  one  volume  of 
oxygen,  the  gases  become  condensed  to  about  half  their  original 
volume^  and  form  niiroue  acid  gas. 

490.  This  gas  supports  the  combustion  of  the  taper,  of  phos-  proiMrUeK 
phorus,  and  of  charcoal,  but  extinguishes  sulphur.     It  is  readily 
absorbed  by  water,  forming  a  greenish  liquid.t 

li  is  obvious  that  this  nitrous  acid  gas  must  consist  of  14  ('oapMidoK 
nitrogen  +  3^  oxygen,  and  therefore,  its  number  is  46 ;  for 
nitric  oxide  is  composed  of  equal  volumes  of  nitrogen  and  oxy- 
geoy  and  one  additional  volume  of  oxygen,  or  two  proportionals 
by  weight,  are  added  to  form  nitrous  acid. 


Nitrogsn 

Ojnwwi 

14 

8 

8 

8 

491.  If  the  mixture  of  nitric  oxide  and  oxygen  be  made  over  AUoibcdby 
water,  in  the  above  proportions,  and  if  the  gases  be  perfectly  ^*^' 
pure,  complete  absorption  takes  place ;  but  if  either  the  oxygen 

or  nitric  oxide  contain  uncombined  nitrogen  it  will  remain  un- 
abaorbeH. 

492.  Nitrous  acid  may  exist  in  the  liquid  as  well  as  in  the 
gaaeout  form.  To  form  liquid  nitrous  acid,  nothing  more  is  ne-  Ir^^JS*. 
ceasary  than  to  saturate  water  with  this  vapour.    The  water 
Jbeoomes  first  green,  then  blue,  and  finally  an  orange  colour. 


• 
I  ft 
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more  or  less  deep.  The  latter  may  be  brought  to  the  state  of 
green  or  blue  by  adding  more  or  less  water.  Hence  the  colour 
depends,  partly -on  the  circumstance  of  density;  but  there  can 
be  little  doubt  that  it  is  materially  affected  also  by  the  propor- 
tions of  nitric,  nitrous,  and  hypo-nitrous  acids,  which  according 
to  Gay-Lussac,  compose  nitrous  acid,  as  it  is  ordin^ily  obtained 
in  a  liquid  state.     H.  1.  321. 

493.  It  may  be  procured  by  exposing  nitrate  of  lead,  carefully 
dried  to  a  heat  sufficient  to  decompose  the  salt.  The  nitric  acid 
of  the  salt  is  resolved  into  nitrous  acid  and  oxygep;  and  if  the 
products  are  received  in  vessels  kept  moderately  cool,  the  great- 
er part  of  the  former  condenses  into  a  liquid.  Vhis  substance 
was  first  obtained  by  Gay-Lussac,  who  regarded  it  as  hypo* 
nitrous  acid ;  but  M.  Dulongpias  proved  by  a  careful  analysis  that 
it  is  anhydrous  nitrous  acid. 

The  liquid  anhydrous  acid  is  powerfully  corrosive,  has  a  strong 
acid  taste  and  pungent  odour,  and  is  of«a  yellowish  orange  co- 
lour. Its  density  is  1,451.  It  remains  liquid  at  ordinary  tem- 
peratures and  pressure,  and  boils  at  82^  F.  Exposed  to  the  air 
It  evaporates  with  great  rapidity,  forming  the  common  nitrous 
acid  vapours,  which,  when  once  mixed  with  air  or  other  gases^ 
require  an  intense  cold  to  condense  them. 

The  action  of  water  on  anhydrous  nitrous  acid  is  very  re- 
markable.    T. 

494.  Nitric  •/icid, — If  a  succession  of  electric  sparks  be  passed 
through  a  mixture  of  oxygen  and  nitrogen  gases  confined  in  a 
glass  tube  over  mercury,  a  little  water  being  present,  the  vol- 
ume of  the  gases  will  gradually  diminish,  and  the  water  after  a 
time  will  be  found  to  have  acquired  acid  properties.  On  neu- 
tralizing the  solution  with  potassa,  or  what  is  better,  by  putting 
a  solution  of  pure  potassa,  instead  of  water,  into  the  tube,  a  salt 
is  obtained  which  possesses  all  the  properties  of  the  nitrate  of 
potassa  (nitre.)  This  experiment  was  performed  by  Mr  Caven- 
dish in  17S5,  who  inferred  from  it  that  nitric  acid  is  composed 
of  oxygen  and  nitrogen. 

495.  The  nitric  acid  may  be  formed  more  conveniently  by 
adding  nitrous  gas  slowly  over  water  to  an  excess  of  oxygen 
gas.  Gay-Lussac  proved  that  the  nitric  acid  might  in  this  man- 
ner be  obtained  quite  free  from  the  nitrous  or  hypo-nitrous  acids ; 
and  that  it  is  composed  of  100  measures  of  nitrogen,  and  250 
of  oxygen.  This  result  agrees  with  the  proportions  deduced  by 
Sir  H.  Davy,  and  is  confirmed  by  an  analysis  of  the  nitrate  of 
baryta  recently  made  by  Dr  Henry.    T. 

496.  Nitric  acid  is  therefore  composed  of  1  proportional  of 
nitrogen  =  14,  &  5  of  oxygen  =  40,  and  this  will  be  the  sym- 
bol representing  its  composition, 
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Consequentljy  th^  represenUlive 
namber  of  dry  nitric  acid  is  54^0. 
But  in  its  liquid  state  it  always  con* 
tains  water;  and  when  in  this  atate  its 
specific  gravity  is  1,5,  it  may  be  re- 
garded as  a  compound  of  one  propor- 
tional of  dry  acid  and  two  of  water, 
which  may  be  numerically  expressed 

thus:      Add.    Water. 

54  +  18  s7d^  liquid  acid. 

497.  Nitric  acid  cannot  exist  in  an  insulated  state.  The  most 
simple  form  under  which  chemists  have  hitherto  procured  nitric 
acid  is  in  solution  with  water.  It  is  usually  obtained  by  the 
distillation  of  purified  nitre  with  sulphuric  acid^  of  which  mar 
terials  difierent  proportions  are  employed. 

lolo  a  flats  retort,  which  may  be  either  tabulated  or  not,  pnt  foor  parts  by 
weight  of  nitrate  of  potaata,  reduced  to  a  coarse  powder,  and  pour  upon  it  three  ^^btSoTii^^' 
parts  of  concentrated  sulphuric  acid.  Apply  a  tubulated  receiver  of  large  ca-  nitriescid, 
pacify,  between  which  and  tJ)e  retort,  an  adopter  may  be  interposed  ;  theie 
junctures  being  luted  with  a  miiture  of  pipe-clay,  sifted  sand,  and  cut  tow  or 
flax.  To  the  tubulure  of  the  receiver,  a  glass  tube  nay  be  fixed  by  means  of 
the  fat  lute,*  and  may  terminate  in  another  receiver,  containing  a  small  quan- 
tity of  water. 

If  the  operator  wishes  to  collect  the  gaseous  products  also, 
this  second  receiver  should  be  provided  with  a  tubulure,  to 
which  a  bent  pipe  may  be  luted,  terminating  under  one  of 
the  inverted  funnels  in  the  shelf  of  the  pneumatic  trough.  Ap- 
ply heat  to  the  retort^  through  the  intervention  of  the  sand-bath. 
The  first  product,  that  passes  into  the  receiver,  is  generally  of 
a  red  colour,  and  of  a  smoking  quality.  These  appearances 
gradually  diminish ;  and  if  the  materials  used  were  clean,  the 
acid  will  come  over  pale,  and  even  colourless.  Afterwards  it 
gradually  re-assumes  a  red  colour,  and  smoking  property  ; 
which  appearances  go  on  increasing  till  the  end  of  the  opera- 
tion; and  the  whole  product,  mingled  together,  has  either  a 
yellow  or  an  orange  colour,  according  to  the  temperature  em- 
ployed*    H.  1.  318. 

498.  The  nitric  acid  of  commerce,  which  is  generally  red  and  oBaMisi|t. 
fuming  in  consequence  of  the  presence  of  nitric  oxide,  is  pro-  '^^' 
cured  by  the  distillation  of  two  parts  of  nitre  with  one  of  sul- 
phuric acid  ;  these  proportions  afford  about  one  part  of  orange- 
coloured  nitric  acid  of  the  specific  gravity  of  1,48.     Upon  the 

large  scale  112  lbs.  of  nitre,  and  5Q  of  sulphuric  acid  yield  from 
50  to  52  lbs.  of  nitric  acid.  Some  manufacturers  employ  three 
parts  of  nitre  and  two  of  sulphuric  acid,  and  the  London  Phar^ 
macopiBia  directs  equal  weights,  by  which  a  nearly  colourless 
nitric  acid  is  afibrded. 


-.-». 


^  Fonncd  by  hMtinc  perfoetly  diy  and  finoij  tiftad  tubseco  pips  city,  with  psinten*  dryhig  vil. 
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Pf«portioiu        It  will  appear  by  referring  to  the  article  Sulphuric  Jlcidj 
w»torf  "*^    that  it  contains  in  its  liquid  state  one  proportional  of  dry  acid, 
and  one  of  water ;  whereas  liquid  nitric  acid  contains  one  pro- 
portional of  dry  acidy  and  two  of  water ;  hence  the  requisite 
excess  of  sulphuric  acid,  where  colourless  and  perfect  nitric 
acid  is  to  be  obtained  ;  hence  too  the  red  colour  of  the  acid 
#   of  commerce  in  consequence  of  the  smaller  quantity  of  sul- 
phuric acid  generally  used  by  the  manufacturer.     This  will  be 
more   apparent   by   reference   to   the   article   Bi-suiphd/e  of 
Potassa.* 
Pttrifleation        499.  The  nitric  acid  of  commerce,  as  usually  obtained  is  im- 
•f  nitric  acid,  py^g^  ^nd  muriatic  and  sulphuric  acids  may  often  be  detected 
in  it.     The  former  may  be  separated  by  nitrate  of  silver,  or 
nitrate  of  lead,  and  the  latter  by  a  very  dilute  solution  of 
nitrate  of  baryta.    To  obtain  pure  nitric  acid,  therefore,  add 
to  that  of  commerce  a  solution  of  nitrate  of  silver,  as  long  as  it 
produces  any  white  precipitate ;  and  when  this  has  subsided, 
pour  off  the  clear  liquor,  and  add,  in  the  same  way,  the  nitrate 
of  baryta;  then  distil  the  acid,  and  it  will  pass  over  perfectly 
pure. 

The  distillation  of  nitric  acid  may  be  conducted  upon   the 

small  scale  in  a  tubulated  glass  retort  a,  with  a  tubulated  re- 

'*•*•  ceiver  &,  passing  into  the  bottle  c,  fig.  100.     The  requisite  heat 

is  obtained  by  the  lamp  d.  and  the  whole  apparatus  supported 

by  the  brass  stands  with  sliding  rings  e  e.t 

For  pharmaceutical  purposes,  the  ordinary  acid  is  generally 
sufficiently  pure.  If,  however,  pure  nitre,  and  pure  sulphuric 
acid  be  employed  in  its  production,  and  the  latter  not  in  excesS| 
there  is  little  apprehension  of  impurity  in  the  resulting  acid. 

500.  Liquid  nitric  acid  is  heavier  than  water,  in  the  propor- 
tion of  1,5  or  upwards  to  1.     Proust  obtained  it  as  high  as  1,62; 
spMtfiogniT.  and  the  specific  gravity  of  real  nitric  acid,  which  cannot,  how- 
'*^'  ever,  be  obtained  separately,  may  be  calculated  at  1,75.     In 

its  heaviest  form,  it  still  contains  a  portion  of  water,  which  is 
essential  to  its  existence  in  a  liquid  state,  and  without  which 
its  elements  would  separate  from  each  other.  In  acid  of  the 
sp.  gr.  1,50  the  water  amounts,  calculating  from  the  data  furnish- 
ed by  Dr  WoUaston,  to  25,11  grains  in  100  grains  of  acid ;  or, 
according  to  Mr  R.  Phillips,  to  25,09.  According  to  Sir  H. 
Davy,  the  strongest  acid  (sp.  gr.  1,55)  contains  14,4  parts  of 

*  If  it  be  required  to  decompose  the  whole  of  aoy  portion  of  nitre,  it  is  necessary  to  use  as  much 
•nipburie  acid,  as  wilt  form,  with  the  alkali  of  the  nitre,  bi-8ulpkat§  of  potassa,  viz.  97  parts  of  acid, 
of  deaaity  1,85  to  100  parts  of  nitre.    H.  1. 319. 

Preparation         tThe  manufacturer  who  prepares  nitric  acid  upon  a  large  scale,  generally  employs  distillatory  ves- 

of  nitrous        seh  of  stone  ware.     Fig.  101  represents  the  arrangement  of  Uie  distillatory  apparatus,  emplojred  at 

acid, or  aqua-  Apothecaries'  Hull,  London,  for  the  productiun  of  common  afita/orfi; ;  it  consists  of  an  iron  pot, 

*  set  in  brick-work,  over  a  6ro-place;  an  earthenware  head  is  luted  upon  it,  communicating  with  two 

receivers  of  the  same  material,  furnished  with  aarthenwart  stop- cocks,  the  last  of  which  baa  a  tuba 

•f  wfety  dipping  into  a  basin  of  watw. 
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water  in  100;  and  acid  of  sp.  gr.  1,42  contains  26 fi  of  water 
in  100.* 

501.  Nitric  acid  is  usually  coloured  by  nitrous  acid  gas,  t6  coloured  by 
expel  which,  put  the  acid  into  a  retort  to  which  a  receiver  is  Si..**"*  ** 
applied,  the  two  vessels  not  being  luted,  but  joined  merely  by 
paper.  Apply  a  very  gentle  beat  for  several  hours  to  the 
retort,  changiug  the  receiver  as  soon  as  it  becomes  filled  with 
red  vapours.  The  nitrous  gas  will  thus  be  expelled,  and  the 
nitric  acid  will  remain  in  the  retort  limpid  and  colourless.  It 
must  be  kept  in  a  bottle  secluded  from  light.t     H.  327; 

602.  Nitric  acid  emits  white  fumes  when  exposed  to  the  air, 
and  is  extremely  sour  and  corrosive. 

It  gives  a  yellow  stain  to  the  skin. 

It  boils  at  248^  Fahrenheit,  and  may  be  distilled  over  with-  BoUtog  point. 
out  any  essential  change.  This,  however,  is  true  only  of  acid 
of  the  specific  gravity  1,4237 ;  for  an  acid,  weaker  than  this,  is 
strengthened  by  being  boiled  \  while  an  acid,  stronger  than 
1,4237,  becomes  weaker  by  boiling.  All  the  varieties  of  nitric 
acid,  therefore,  are  brought,  by  sufficient  boiling,  to  the  specific 
gravity  1,4237,  which  appears  to  be  the  most  energetic  combi- 
nation of  acid  and  water. 

503.  Nitric  acid  may  be  frozen  by  the  application  of  a  suf-  Maybefro- 
ficiently   low  temperature.      Like  sulphuric  acid,   there  is  a  "^^ 
certain  point  of  density  at  which  it  most  readily  congeals.     Mr 
Cavendish  has  described  this,  not  by  its  specific  gravity,  but 

by  the  quantity  of  marble  which  it  is  capable  of  dissolving. 
When  it  takes  up  rVi^^^^^  ^^  'Is  weight,  in  which  case  its  spe- 
cific gravity  is  1,3,  the  acid  freezes  at  2^  below  0  Fahrenheit. 
When  eonsideraiily  stronger  and  capable  of  dissolving  rVrtV^bs, 
it  required  cooling  to — 41,6  ;  and  when  so  much  diluted  as  to 
take  up  only  /^g^jrths,  it  did  not  congeal  till  cooled  to — 40,3.J 

504.  Strong    nitric   acid  absorbs  moisture  from  the  atmos-  Absorb* 
phere ;    in  consequence  of  which  it  increases  in  Weight,  and  °***"^'** 
diminishes  in  specific  gravity. 

505.  When  two  parts  of  the  acid  are  suddenly  diluted  with  Hixodwith 
one  of  water,  an  elevation  of  temperature  is  produced  to  about  p^ratuio^ 
120^  F.  ;  and  the  admixture  of  58  parts  by  weight  of  acid  of 
specific  gravity  1,50  with  42  parts  of  water,  both  at  60°  F., 
gives  a  temperature  of  140°. §     When  more  water  is  added  to 

*  Dr  Thonwon  by  uvin;,  in  the  deeompoaition  of  anhydrous  nitra,  only  half  its  weight  of  concen- 
trated sulphuric  acid  obtained  nitric  acid  of  sp.  gr.  1,534.  From  an  analysis  of  this  he  infers  that  acid 
of  sp  f  r<  1,S5  is  a  compound  of  1  atom  of  acid  and  1  atom  of  wator,  or  it  contains 

Real  acid  85,714  parts    ...--.-54 
'\  Water       J4,886    "        0 

100.  63 

Whan  the  foil  quantity  of  salphnrie  acid  was  used  he  found  the  sp.  gr.  of  tJie  product  only  1,4955  and 
that  it  is  a  compound  of  1  atom  real  acid  and  3  atoms  of  water. — For  a  table  of  the  composition  of 
nitric  acid  of  ditfaront  densities,  see  ApptnUx. 

t  An  excellent  test  of  the  presence  of  even  very  email  proportions  of  nitrous  acid  has  been  discovered 
by  Oay-Itusaac  in  the  red  eut)*Iiate  of  manganese,  which  is  instantly  deprived  of  colour  by  perfect 
nitrie  aeidi 

X  Phil.  Trans,  1788.  %  Dr  Vn, 
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this  diluted  acid,  its  temperature  is  reduced.  Snow  or  ice 
added  to  the  cold  dilute  acid  is  instantly  liquefied  and  an  intense 
degree  of  cold  is  produced. 

506.  When  very  concentrated  it  becomes  coloured  by  ex- 
posure to  the  sun's  light,  passing  first  to  a  straw  colour,  and 
then  to  a  deep  orange.  This  effect  is  produced  by  the  union  of 
the  light  of  the  sun  with  oxygen,  in  consequence  of  which  the 
proportion  of  that  principle  to  the  nitrogen  is  diminished, 

507.  By  exposing  it  to  the  sun's  rays  in  a  gas  bottle,  the 
bent  tube  of  which  terminates  under  water,  oxygen  gas  may  be 
procured.     H.  1.  321. 

508.  This  acid  retains  its  oxygen  with  but  little  force,-— 
hence  it  is  decomposed  by  all  combustible  bodies,  which  are 
oxygenized  by  it,  with  more  or  less  rapidity  in  proportion  to 
their  afiSnity  for  oxygen. 

Poured  on  perfectly  dry  and  powdered  charcoal  it  excites 
the  combustion  of  the  charcoal,  which  becomes  red  hot^  and 
emits  an  immense  quantity  of  fumes. 

It  also  inflames  essential  oils  when  suddenly  poured  on  them. 

Into  a  gallipot,  placed  upon  a  hearth  and  oontaininj^  about  a  table- ipoonful 
of  oil  of  turpentine,  pour  about  half  the  qtiantitj  of  strong  nilroue  acid,  pre* 
viousljr  mixed  with  a  few  drops  of  sulphuric  acid.  The  moment  the  acids  come 
in  contact  with  the  turpentine  a  large  quantity  of  dense  ^moke  will  be  pro- 
duced, often  accompanied  with  flame.  The  acid  should  be  poured  from  a 
bottle  tied  to  the  end  of  a  long  stick,  otherwise  the  operator's  ej'es  may  be 
severfly  injured. 

509.  It  is  also  decomposed  by  metals,  as  iron,  tin,  zinc,  cop- 
per, &c.  and  with  different  phenomena,  according  to  the  affinity 
of  each  metal  for  oxygen. 

This  may  be  seen  by  pouring  some  strong  nitrie  acid  on  iron 
filings,  or  powdered  tin.  The  ^cid  must  be  of  greater  density 
than  1,48,  otherwise  it  will  not  produce  the  effect.  Violent 
heal,  attended  with  red  fumes,  will  be  produced,  and  the  metals 
will  be  oxidized.     H.  1.  323.  V 

510.  Nitric  acid  may  be  decomposed  by  passing  its  vapour 
through  a  red  hot  porcelain  tube ;  oxygen  is  given  off,  nitrous 
acid  gas  is  produced,  and  a  quantity  of  diluted  acid  passes  over 
into  the  receiver,  having  escaped  decomposition  ;  so  that  it  is 
thus  proved  to  consist  of  nitrous  acid  gas,  oxygen  and  water. 

For  experiments  of  this  kind  the  form  of  apparatus,  described 
for  the  decomposition  of  water  by  iron  (391),  may  be  employed^ 
omitting  the  condensing  worm-pipe. 

The  nature  of  nitric  acid  was  first  synthetically  demonstrated 
by  Mr  Cavendish,  who  passed  electric  sparks  through  a  portion 
of  atmospheric  air,  or  through  a  mixture  of  one  part  of  nitro- 
gen and  two  of  oxygen,  confined  over  mercury.  After  some 
time  the  mixture  diminished  in  bulk,  and,  ctn  admitting  a  little 
water,  an  acid  solution  was  obtained,  which  afforded  crystak  of 
nitre  when  saturated  with  potassa. 

511.  Nitric  acid  is  of  considerable  use  in  (he  arts.  It  is  em- 
ployed  for  etching  on  copper,  as  a  solvent  of  tin  to  form  with 


SECT.  IX.'  NUro-muHaiic  acid— Chloride  of  Nitrogen*  149 

that  metal  a  mordant  for  some  of  the  finest  dyes ;  in  metallurgy 
and  assaying ;  in  various  chemical  processes,  on  account  of  the 
facility  with  which  it  parts  with  oxygen  and  dissolves  metals ; 
in  medicine  as  a  tonic,  &c.  For  the  purposes  of  the  arts  it  is 
commonly  used  in  a  diluted  state,  and  contaminated  with  the 
sulphuric  and  muriatic  acids,  by  the  name  o{  aqua-foriis.  This  Aqua&rtia. 
is  often  prepared  by  mixing  common  nitre  with  an  equal 
weight  of  sulphate  of  iron,  and  half  its  weight  of  the  same  sul- 
phate calcined,  and  distilling  the  mixture ;  or  by  mixing  nitre 
with  twice  its  weight  of  dry  powdered  clay,  and  distilling  in  a 
reverberatory  furnace.  Two  kinds  are  found  in  the  shops,  one 
called  double  aquafortis,  which  is  about  half  the  strength  of 
nitric  acid;  the  other  simply  aquafortis^  which  is  half  the 
strength  of  the  double.     U.  72. 

512.  Dr  Liebig  proposes  the  following  process  for  detecting  Tntof  niin* 
the  presence  of  nitric  acid.     The  fluid  to  be  examined  is  to  be  *^' 
mixed  with  as  much  sulphate  of  indigo  as  will  give  it  a  distinct 

blue  colour,  and  after  adding  a  few  drops  of  sulphuric  acid  the 
mixture  is  to  be  boiled.  If  the  fluid  contains  a  nitrate,  the  blue 
colour  will  be  discharged,  or  only  rendered  yellow  if  the  quan- 
tity of  nitrate  is  very  minute.  Dr  Leibig  states  that  by  this 
process  nitric  acid  may  be  detected  when  there  is  not  more  than 
a  400th  of  it  present ;  by  adding  a  little  common  salt  to  the 
fluid  before  applying  the  heat,  even  a  500th  of  nitric  acid  may 
be  readily  detected.*  Gold  leaf  is  a  delicate  test  of  the  pre- 
sence of  uncombined  nitric  acid,  a  liquid  which  contains  no 
chloric  acid,  and  which  is  unable  to  dissolve  gold  leaf,  but 
acquires  the  property  of  doing  so  when  pure  muriatic  acid  is 
add^d  to  it,  must  contain  nitric  acid.     T. 

513.  Nitro-muriatic  Jlcid. — ^This  term  has  been  applied  to  AqomR^gia, 
the  Jlqua  Begia  of  the  alchemists.     When  nitric  and  muriatic 

acids  are  mixed,  they  become  yellow,  and  acquire  the  power 
of  readily  dissolving  gold,  which  neither  of  the  acids  possessed 
separately.  This  mixture  evolves  chlorine,  a  partial  decompo- 
sition of  both  acids  having  taken  place,  and  water,  chlorine,  and 
nitrous  acid  gas,  are  thus  produced ;  that  is,  the  hydrogen  of  the 
muriatic  acid  abstracts  oxygen  from  the  nitric  to  form  water : 
the  result  must  be  chlorine  and  nitrous  acid.t 

For  every  101  parts  in  weight  of  real  nitric  acid  (equivalent  Anion  oa 
to  118  of  hydro-nitric  acid)  which  are  decomposed,  67  parts  of '^^' 
chlorine,  Sir  H.  Davy  calculates,  are  produced.  According  to 
this  view  it  is  not  correct  to  say  that  aqua  regia  oxidates  gold 
or  platinum,  since  it  merely  causes  their  combination  with  chlo- 
rine. By  long  continued  and  gentle  heat,  nitro -muriatic  acid 
may  be  entirely  deprived  of  chlorine,  and  it  then  loses  its  power 
of  acting  on  gold  and  platinum.     H.  1.  325. 

514.  Nitrogen   and   Chlorine. — Chloride  of  Nitrogen. —  Osioride*/ 
These  gases  do  not  unite  directly y  but  the  compound  may  be  ^^^^''^^ 
*■     II. ..■.-■■■    i_      ■■■      -    I  ■         ■  III.       i^— 

*  Jim.  4»  Cktm,  xxxv.  88^  t  Davy,  JoutmI  »f  Seitnet  amd  UU  ArU,  toI.  L  p.  67. 
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obtained  by  exposing  a  solution  of  nitrate  or  muriate  of  am^ 
vionia  to  the  action  of  chlorine,  at  a  temperature  of  60°  or  70°. 
The  f^as  is  absorbed,  and  an  oiMike  fluid,  heavier  than  water, 
is  produced.  It  is  the  most  powerfully  detonating  compound 
with  which  we  are  acquainted.  It  was  discovered  by  M.  Du« 
long,  in  1812.* 

The  simplest  mode  of  obtaining  this' compound,  consists  in 
filling  a  perfectly  clean  glass  basin  with  a  solution  of  about  one 
part  of  sal-ammoniac  in  twelve  of  water,  and  inverting  into  it  a 
tall  jar  of  chlorine.  The  saline  solution  is  gradually  absorbed 
and  rises  into  the  jar,  a  film  forms  upon  its  surface,  and  it  ac- 
quires a  deep-yellow  colour ;  at  length  small  globules,  looking 
like  yellow  oil,  collect  upon  its  surface,  and  successively  fall 
into  the  basin  beneath,  whence  they  are  most  conveniently  re- 
moved by  drawing  them  into  a  small  and  perfectly  clean  glass 
syringe,  made  of  a  glass  tube  drawn  to  a  pointed  orifice,  and 
having  a  copper  wire  with  a  piece  of  clean  tow  wrapped  round 
it  for  a  piston  ;  fig.  101,  in  this  way  a  globule  may  be  drawn 
into  the  tube,  and  transferred  to  any  other  vessel. 

515.  Its  specific  gravity  is  1,653  water  being  l,t  it  is  not 
congealed  by  cold.  Its  odour  is  irritating  and  peculiar;  it 
very  soon  evaporates  when  exposed  to  air.  This  substance  is 
decomposed  with  violent  detonation  by  many  combustibles, 
especially  phosphorus,  and  fixed  oils.  Its  discoverer,  M.  Du- 
long,  was  severely  wounded  in  his  first  experiments  on  it ;  and 
Sir  H.  Davy  had  a  serious  injury  done  to  his  eyes  in  repeat- 
ing them. 

•procAntioiu  In  making  these  experiments,  a  small  globule  of  the  com- 
msnu^'with.  pound,  about  the  size  of  a  mustard-seed,  should  be  cautiously 
transferred  to  a  clean  porcelain  basin,  half  filled  with  water. 
The  basin  should  be  covered  with  a  wire  safe-guard.^  A  very 
small  piece  of  phosphorus,  fixed  to  the  end  of  a  long  rod  with 
the  extremity  dipped  in  oil  may  be  then  brought  into  contact 
with  the  globule,  which  instantly  explodes,  dispersing  the  wa- 
ter, and  breaking  the  basin.  At  160°  it  distils  without  change, 
but  between  200^  and  212°  it  explodes,  and  is  decomposed.  It 
was  submitted  to  the  action  of  125  different  substances,  by 
Messrs  Porret  and  Wilson,  from  which  it  appears  that  mei*e 
contact  with  many  combustible  substances  causes  explosion  at 
common  tei7)peratures. 

The  metals,  resins,  and  sugar  did  not  cause  it  to  explode.} 

516.  It  yields,  hy  decomposition,  1  volume  of  nitrogen  and 
Compnntion  4  of  chloriue  *,  and  as  the  specific  gravity  of  nitrogen  to  chlorine 
Ihro^eiK^*' ^^'^  *8  as  14  to  36,0,  so  it  may  be  said  to  consist  of  1  proportional 

V  c 

of  nitrogen  -f  4  proportionals  of  chlorine,  or  14  +  144,  by 
weight,  and  its  number  will  be  158. 


*  jSnnales  de  Ckimief  voK  Ixxxv. 


t  Phil.  Trans.  1SJ3.         t  Nicholwa't  Jinmal,  Tol.  xnur. 
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517.  In  the  state  of  vapoar^  it  is  proba- 
ble that  the  five  volumes  of  aeriform  mat- 
ter which  it  affords  by  decomposition  are 
condensed  into  one,  since  its  decomposi- 
tion by  mercury  is  not  attended  by  any 
change  of  its  volume. 

518.  Nitrogen  and  Iodine, — Iodide  of  io^«»©  of  ni- 
"  144  Nitrogen. — A  compound  of  these  bodies  *'"*°"' 

m$iy  be  procured  by  pouring  a  solution 
of  ammonia  upon  a  very  small  quantity  of 
iodine.  Hydriodic  acid  is  one  product, 
and  the  other  a  brown  powder,  which  de- 
tonates upon  the  slightest  touch,  and  is 
resolved  into  nitrogen  and  iodine.  It 
may  be  collected  by  pouring  off  the  liquid;  and  placing  it,  while 
moist,  in  small  parcels  upon  bibulous  paper,  where  it  must  be 
suffered  to  dry  spontaneously. 

If  we  collect  the  powder  on  two  or  more  separate  pieces  of  *«p- 
paper,  and  place  them  at  several  inches  apart,  the  explosion  of 
any  one  of  them  will,  sometimes,  cause  that  of  the  others. 

Wiien  it  detonates,  the  purple  fumes  of  iodine  are  percepti- 
ble. 

When  left  exposed  it  gradually  evapprates.     It  often  ex- 
plodes spontaneously. 

According  to  the  experiments  of  M.  Colin  the   iodide  of 
nitrogen  consists  of  1  atom  of  nitrogen  -f  3  atoms  of  iodine. 

519.  Nitrogen   and   Hydrogen— Ammonia ;   or    f^olatile  Ammoniitor 
alkali, — Ammonia  in  its  purest  form  exists  in  the  state  of  a  gas.  J®^**''«  ^^^' 

It  may  be  obtained  by  heating  a  mixture  of  quicklime  and  Procrm  for 
muriate  of  ammonia   {Sal  ammotiiac.)     Two  parts  of  dry  o»>taiiun« 
quicklime  and  one  of  muriate  of  ammonia,  each   separately, 
powdered,  may  be  introduced  into  a  small  glass  retort,  or  gas 
bottle,  and  upon  the  application  of  a  gentle  heat  the  gas  passes 
over.     It  must  be  received  over  mercury. 

520.  Persons  not  having  a  mercurial  apparatus  may  receive 
this  gas  in  a  glass  jar  inverted  over  a  tube  bent  as  in  fig.  102.  pi.Sw 
As  the  gas  is  evolved  from  the  materials  contained  in  the  gas- 
bottle,  it  rises  into  the  jar  and  displaces  the  atmospheric  air. 
When  the  jar  is  filled  with  ammonia  (which  will  be  known  by 

its  pungent  odour  as  it  escapes  from  the  neck  of  the  jar)  the 
tube  may  be  carefully  withdrawn,  and  a  well  ground  stopper 
be.  inserted  into  the  neck  of  the  jar. 

521.  Ammonia  is  permanently  elastic  at  common  tempera-  p.opertit«. 
tures  and  pressures.     At  the  temperature  of  50^  F.  and  under 

a  pressure  of  6,5  atmospheres  it  becomes  a  transparent  colour- 
less liquid.*  Its  refractive  power  in  this  state  surpasses  that 
af  water  itself  and  its  specific  gravity  is  0,76. 


♦  Furaday,  Phil.  Tran*.  1823.  p.  100. 


152  Jlmmonia^  water  of.  chap.  nr. 

522.  Its  odour  is  extremely  pungent  and  acrid ,  but  when 

diluted  by  mixture  with  common  air,  agreeably  stimulant.     It 

converts  most  vegetable  blues  to  green  and  the  yelloWs  to  red, 

properties  which  belong  to  the  bodies  called  alkalies.     Ammo- 

nidy  therefore,  has  been  termed  volatile  alkali. 

DoMnotsup-      523.  It  extinguishes  flame,  and  is  fata]  to  animals.     Before, 

port  combaa.  jjQ^vever,  a  candle  is  extinguished  by  immersion  in  this  gas,  the 

flame  is  enlarged,  by  the  addition  of  another  of  a  pale  yellow 

colour,  which  descends  from  the  mouth  to  the  bottom  of  the 

Kzp.  jar.     If  the  flame  of  the  candle  be  only  in  part  immersed  in 

the  gas,  this  yellowish  flame  rises  a  few  lines  above  the  other. 

Usybain-        524.  Ammouiacal  gas  is  not  sufiSciently  inflammable  to  burn 

ycen^.^^  whcn  in  contact  with  common  air.     But,  when  expelled  from 

the  extremity  of  a  pipe,  having  a  small  aperture,  surrounded  by 

oxygen  gas,  it  may  be  kindled,  and  it  then  burns  with  a  pale 

yellow  flame,  the  products  of  its  combustion  being  water  and 

nitrogen  gas. 

AbK>rb«i  by       525.  Ammotiia  is  rapidly  absorbed  by  water.*     A  drop  or 

waiar.  ^^^  ^f  watcr  being  admitted  to  a  jar  of  this  gas,  confined  over 

mercury,  the  gas  will  be  immediately  absorbed,  and  the  mercury 

will  rise,  so  as  to  fill  the  whole  of  the  jar,  provided  the  gas  be 

^^'  sufficiently  pure.     Ice  produces  the  same  efiect  in  a  still  more 

remarkable  manner,  and  liquid  ammonia  is  produced. 
SpecifiegntT.      526.  Its  Specific  gravity  to  hydrogen  is  as  8,5  to  I ;  100 
'^^'  cubical  inches  weighing  IS  grains,  B.     Air  beings  1  its  specific 

gravity  is  0,59027.     Oxygen  =s  1  it  is  0,53125,  and  100  cubic 
inches  weigh  18,0035.     T. 

527.  When  ammonia  is  presented  to  muriatic  acid  it  unites 
with  it  and  white  vapours,  composed  of  muriate  of  ammonia  are 
K^'  formed.     This  will  be  evident  if  we  moisten  the  inside  of  a  glass 

jar  with  muriatic  acid,  and  pass  into  it  a  small  quantity  of 
ammonia,  dense  clouds  of  muriate  of  ammonia  will  immediately 
form  (37). 
Liquor  am.        528.  The  usual  statc  in  which  ammonia  is  employed  is  in 
monia.         solution,  both  in  chemistry  and  medicine.     This  solution  bears 
^     the  name  of  Liquor  Ammoniae  of  the  London  Pharmacopoeia.t 
It  may  be  obtained  by  passing  the  gas  into  water  in  a  proper 
apparatus,  fig.  81,  or  by  distilling  over  the  water  and  gas  to- 
gether. 
^t  Phniipa'i       The  following  process,  recommended  by  Mr  Phillips,  answers 
;^oeaai.        yf^\\^     Ou  9  ouuces  of  wcU  bumod  lime  pour  half  a  pint  of 
water,  and  when  it  has  remained  in  a  well  closed  vessel  for 
about  an  hour,  add  12  ounces  of  muriate  of  ammonia  in  powder 
and  three  pints  and  a  half  of  boiling  water;  when  the  mixture 
has  cooled,  pour  ofi*  the  clear  portion,  and  distil  from  a  retort 
20  fluid  ounces.     The  specific  gravity  of  this  solution,  which  is 
sufficiently  strong  for  most  purposes,  is  0,9544 

^  *  According  to  Dr  Tbomaon  water  takes  up  780  times  its  buli' 

t  Aquft  Ammonia)  of  the  United  Slates  Pbarmacopteia, 
t  Remark$  en  Leiuhn  PAarmoec^tfia,  p.  34* 


SXCT.  II* 


•/Smmonia — Composition  qf. 


153 


HowpiMtrN 


omittoiu* 


Exp: 


The  specific  gravity  of  the  officinal  solution  directed  in  the 
PharfnacapoHa^  is  0,960. 

529*  Liquid  ammonia  should  be  preserved  in  well-stopped 
glass  bottles,  since  it  loses  ammonia  and  absorbs  carbonic  acid, 
when  exposed  to  air.  When  heated  to  about  140^,  ammonia 
is  rapidly  given  off  by  it ;  when  concentrated  it  requires  to  be 
cooled  to — 40^  before  it  congeals,  and  then  it  is  apparently 
inodorous. 

530.  Dr  Henry*  first  observed  that  a  mixture  of  ammonia 
and  oxygen  gas  might  be  fired  by  an  electric  spark,  and  this 
property  furnishes  a  means  of  analyzing  the  alkaline  gas.  Elec- 
tricity also  decomposes  ammoniacal  gas.  If  a  succession  of 
electrical  spares  be  passed  through  a  small  |>ortion  of  the  gas 
confined  in  a  proper  tube  over  quicksilver,  it  will  increase  to 
about  twice  its  original  bulk,  and  lose  its  easy  solubility  in 
water.  If  the  gas  thus  expanded  be  mixed  with  from  one-third 
to  one-half  its  bulk  of  oxygen,  and  an  electric  spark  passed 
through  the  mixture,  an  explosion  takes  place,  attended  by  con- 
siderable diminution.  Note  the  amount  of  the  diminution, 
divide  it  by  3,  and  multiply  the  product  by  2.  The  result 
shows  the  quantity  of  hydrogen. 

Suppose,  for  example,  that  we  expand  100  measures  of  ammo-  Exunpi« 
nia  to  200  ;  and  that,  after  adding  80  measures  of  oxygen  gas, 
we  find  the  whole  (=  280  measures)  reduced  by  firing  to  55 
measures  ;  the  diminution  will  be  225.  Dividing  225  by  3,  we 
have  75,  which,  multiplied  by  2,  gives  160  measures  of  hydro- 
gen gas  from  100  of  ammonia.  Deducting  150  from  200,  we 
have  50  for  the  nitrogen  gas  contained  in  the  product  of  elec- 
trization. Therefore  100  measures  of  ammonia  have  been 
destroyed,  and  expanded  into 

150  measures  of  hydrogen  gas  =  3  volumes. 
50    nitrogen  gas   =  1  volume. 

531.  If  hydrogen  be  made  the  decimal  unit  and  the  three 
volumes  of  hydrogen  in  ammonia  represent  3  atoms,  and  the  1 
vol.  of  nitrogen  1  atom,  the  weights  of  the  atoms  of  hydrogen 

and  nitrogen  will  be  as  their 
specific  gravities,  viz.  as,  0694 
to  9722  or  as  I  to  14,  and  the 
annexed  symbols  will  represent 
the  composition  and  volume  of 
ammonia  :     H.  1.  410. 

480.  When  ammonia  and 
oxygen  are  detonated,  the  ni- 
trogen is  oxidized  as  well  as 
the  hydrogen;  hence,  if  excess  of  oxygen  be  used,  the  whole  of 
the  ammonia  disappears,  and  nitrate  of  ammonia  is  formed. 

532.  Ammonia  is  decomposed  by  passing  it  througii  a  red- 
hot  iron  tube ;  it  suffers  expansion,  and  is  resolved  into  hydro- 
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gen  and  nitrogen  gases,  furnishing  a  singular  instance  of  change 
of  properties  in  consequence  of  chemical  combination,  a  fig. 
103,  is  a  bladder  filled  with  ammonia  which  may  be  passed 
through  the  iron  tube  6,  placed  in  the  furnace  c ;  the  gas  is 
decomposed,  and  hydrogen  and  nitrogen  may  be  collected  over 
the  water  in  d. 

533.  Ammonia  is  produced  synthetically  during  the  decom- 
position of  many  animal  substances ;  it  is  also  formed  during 
the  violent  action  of  nitric  acid  upon  some  of  the  metals ;  and 
by  moistened  iron-filings  exposed  to  an  atmosphere  of  nitrogen ; 
in  these  cases  the  nascent  gases  unite  so  as  to  form  a  portion  of 
ammonia. 

534.  Ammonia  combines  with  the  acids,  and  produces  a  class 
of  salts  which,  with  very  few  exceptions,  are  soluble  in  water, 
and  which  evolve  the  odour  of  ammonia  when  mixed  with  lime 
or  with  pure  potassa.  These  salts  are,  for  the  most  part,  entirely 
dissipated,  and,  generally  speaking,  decomposed  by  heat. 

535.  •Ammonia  and  Chlorine.-^iio  compound  of  chlorine 
and  ammonia  can  exist,  for  as  soon  as  ammonia  is  brought  into 
contact  with  chlorine,  it  is  decomposed.  On  mixing  15  parts 
of  chlorine  and  40  of  ammonia,  5  parts  of  nitrogen  are  liberated 
and  muriate  of  ammonia  is  formed.     B.* 

When  the  two  gases  are  suddenly  mixed  they  act  upon  each 
other  so  powerfully  as  sometimes  to  produce  detonation. 

Invert  a  matrais  with  a  conical  neck  and  wide  mouth,  over  another  with  a 
taper  neck  conlaining  a  mixture  of  sal-ammoniac  and  lime,  heated  bj  a  lamp. 
As  soon  as  the  upper  vessel  seems  to  be  full  of  ammonia,  by  the  overflow  of 
the  pungent  gas,  it  is  to  be  cautiously  lifted  up,  and  inserted,  in  a  perpendicular 
direction,  into  a  wide  mouthed  glass  decanter  or  flask,  filled  with  chlorine.  On 
seizing  the  two  vessels  thus  joined,  with  the  two  hands,  covered  with  gloves, 
and  suddenly  inverting  them,  like  a  sand-glass,  the  heavy  chlorine  and  light 
ammonia,  rushing  m  opposite  directions,  unite,  with  the  evolution  of  flame* 
U.  158. 

536.  •Ammonia  and  Muriatic  Acid — Muriate  of  Ammo- 
saiammoni-  nia — Hydvochlorate  of  Ammonia — Sal-Ammoniac, — This 

salt  may  be  produced  directly  by  mixing  equal  volumes  of 
ammonia  and  muriatic  acid,  over  mercury,  when  an  entire  con- 
densation ensues.(48)  and  a  wjiite  solid  is  formed. 

This  may  be  shown  by  means  of  the  apparatus  fig.  53.  Into 
one  of  the  retorts  a  small  quantity  of  muriatic  acid,  (or  the 
materials  from  which  the  acid  gas  is  usually  obtained  (418),  is 
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*  Jimvumia  tuul  chUnric  acid—CilormU  tf  JImmonia  is  formed  b^Katurating  chloric  add  with 
carbonate  of  ammonia.  It  forms  yery  toluble  acicular  crystals,  of  a  sharp  tasto,  which  detonate 
when  thrown  upon  hot  couls.    ft  probably  consists  of  1  proportional  of  each  of  itj  eompooeots. 

Jtmnumta  and  Bromine.  Ammonia  unites  with  is  own  volume  of  hydro-broraic  acid  gas,  forming 
a  white,  solid,  voiitile  salt,  which  is  soluble  in  water,  and  crystalUzea  is  loqf  prisms  by  evaporation. 

lodate  of  jlutTwnia  forms  small  indeterminato  crystals ;  when  lieated  thoy  are  decomposed  iolo 
oxygon,  nitrogen,  water  and  iodine.— When  heated  in  close  tubes,  the  tubes  are  fre'iueotly  burst ;  but 
Gay*Lussac  succeeded  in  collecting  the  products,  which  were  equai  volumes  of  oxygen  and  azotic 
gasen.  He  itat<>s  its  composition  at  100  acid  "4"  10,94  ammonia,  or  9  vols,  of  gawous  ammcmiat  1 
volume  of  iodine  in  vapour,  and  S^  volumes  of  oxygen.    U.  414. 


sxcT.  II.  Muriate  nf  •/tmnionia,  sourcea  of.  155 

introduced  ;  and  into  the  other  liquid  ammonia  (or  the  mixture 
of  lime  and  muriate  of  ammonia  (519).  The  evolved  gases 
passing  into  the  cylinder  unite,  producing  dense  clouds  of 
muriate  of  ammonia  which  concrete  upon  the  inner  surface  of 
the  cylinder. 

537.  It  is  easy  to  calculate  the  composition  of  this  salt,  for  compodtfoiw 
since  100  cubic  inches  of  muriatic  acid  gas  weigh  39  grains* 
and  the  same  volume  of  ammonia  weighs  18,18  grains^t  muriate 
of  ammonia  must  consist  of 

Atoms. 

Mttrifttic  acid ()8,619    ....     1    ....    97 

Ammonia 31,481    ....    1    ....    17 


100,  64 

But  in  its  ordinary  state,  the  salt  contains  water,  the  propor- 
tion of  which,  according  to  Berzelius  is,  19  parts  in  100  of  the 
salt,:^  but  this  does  not  agree  with  any  atomic  constitution,  and 
it  is  probable,  therefore,  that  the  water  is  not  essential  to  it,  but 
accidental.     H.  1.  416. 

538.  Muriate  of  ammonia  when  heated  sublimes  in  the  form  May  im 
of  while  vapour ;  and  may  even  be  passed  through  glass  or  "'"™^ 
porcelain  tubes  heated  to  redness,  without  alteration. 

539.  It  is  readily  soluble  in  water,  three  parts  and  a  half  of  othw  proptr- 
which  at  60^,  take  up  one  of  the  salt.     During  its  solution  much  ^'^ 
caloric  is  absorbed*     It  is  still  more  soluble  in  boiling  water, 

from   which    it  crystallizes  on  cooling.     It  slightly   attracts 
moisture  from  the  air.     On  the  addition  of  a  solution  of  pure 
potassa,  soda,  or  lime,  the  alkali  is  disengaged,  as  is  evinced  by 
the  pungent  smell  that  arises.     This  may  be  proved  by  rubbing  Exp. 
together  in  a  mortar  muriate  of  ammonia  and  quicklime. 

540.  Though  generally  considered  as  a  neutral  salt,  yet,  if 
placed  on  litmus  paper  and  moistened,  Berzelius  observes,  that 
the  paper  is  reddened  after  some  moments,  as  it  would  be  by 
an  acid. 

541.  It  is  decomposed  by  baryta,  strontia,  lime  and  magne- 
sia.    H. 

542.  Muriate  ofammonia*wa8fbrmerly  imported  from  Egypt,  wbracveir 
where  it  was  obtained  by  burning  the  dung  of  camels ;  it  is  ^'^"^ 
now  abundantly  prepared  in  various  parts  of  Europe  by  several  * 
processes.    The  most  usual  method  is  to  decompose  sulphate  of 
ammonia  by  the  muriate  either  of  soda,  or  of  magnesia.     Tl|e 
sulphate  of  ammonia  may  be  procured  for  this  purpose,  from 

the  soot  of  coal ;  or  by  digesting  the  impure  carbonate  of  am- 
monia, procured  by  exposing  bones  and  other  animal  matters  to 
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a  red  iieat,  with  sulphate  of  lime.  In  oommerce  it  usually 
occurs  as  procured  by  sublimation,  in  white  cakes,  hard  and 
somewhat  elfstic,  and  in  this  compact  state  it  requires  for  solu- 
tion 3,25  parts  of  water  at  60°.  « 

543.  Sal-ammoniac  is  used  in  the  arts  for  a  variety  of  pur* 

usM.  poses,  especially  in  certain  metal! urgic  operations.     It  is  used 

in  tinning,  to  prevent  the  oxidation  of  the  surface  of  copper ; 
and  small  quantities  are  consumed    by  dyers.      Dissolved   in 
nitric   acid,  it  forms  the  aqua  regia  of  commerce,  used  for 
dissolving  gold,  instead  of  a  mixture  of  nitric  and  muriatic' 
acids  (513.) 

Katw*.  544.  Native  Muriate  of  Ammonia  occurs  massive  and  crys- 

tallized, in  the  vicinity  of  volcanos,  and  in  the  cracks  and 
pores  of  lava  near  their  craters  It  has  thus  been  found  at 
Etna,  and  at  Vesuvius,  in  the  Solfaterra  near  Naples,  and  in 
some  of  the  Tuscan  Lakes.  An  efflorescence  of  native  sal- 
ammoniac  is  sometimes  seen  upon  pit-coal.  Its  colour  varies 
from  the  admixture  of  foreign  matter,  and  it  is  frequently  yel- 
low from  the  presence  of  sulphur.  It  is  said  that  considerable 
quantities  of  native  sal-ammoniac  are  also  found  in  the  country 
of  Bucharia,  where  it  occurs  with  sulphur  in  rocks  of  indurated 
clay.     The  ancients,  according  to  Pliny,  called  this  salt  ammo-: 

niliSr  ^^^^  niacy  because  it  was  found  near  the  temple  of  Jupiter  Ammon^ 
in  Africa.* 

Nitrate  of         545.  AmmoTiia  and  Nitric  Acid — Nitrate  ofAmmonia.^^ 

aimnoDia.      rpj^jj^  g^^jj  ^^^^y  ^^  procurcd  bv  the  direct  union  of  ammonia  with 

nitric  acid  ;  or  more  easily,  by  saturating  dilute  nitric  acid  with 
carbonate  of  ammonia.  It  has  long  been  known,  and  was  for- 
merly called  Nitrum  flammans.  It  differs  in  form  according 
to  the  manner  in  which  its  solution  has  been  evaporated ;  if  at 
a  temperature  below  100°,  its  crystals  are  six-sided  prisms  ter- 
minated by  six-sided  pyramids ;  if  boiled  down,  its  crystals  are 
thin  and  fibrous  ;  and  when  the  evaporation  is  carried  so  far  that 
the  salt  immediately  concretes  on  a  glass  rod  by  cooling,  it  then 
forms  a  compact  and  shapeless  mass.  It  has  been  mentioned  as 
the  source  of  nitrous  oxide,  and  when  heated  is  entirely  resolved 
into  thai  gas  and  water.t  X  The  dry  salt  consists  of  one  pro- 
portional of  nitric  acid  =s  54  -{-  one  proportional  of  ammonia  = 

..i^,.  ■  ■  I.  ■         I  .  - 

Hrdiiodate         *  Hffdriodate  of  Ammonia.'^In  a  former  paraf^ph  (518)  the  action  of  iodine  on  ammonia  hat 

of  ammoniA.    iMfm  atated  to  produce  a  portion  of  liydriodate  of  ammonia :  tiita  eompoond  may  be  direody  foraed 

by  mixing  equal  volumea  of  hydriodic  and  ammoniacal  f  aiea ;  or  by  aatarating  liquid  faydtiodic  aeid 

by  carbonate  of  ammonia ;  it  forma  very  soluble  and  deliqueacent  cubic  cryatabj  Tolaiile  in  doaa 

Teasels  without  decomposition. — Gay-Lussac,  ^nnaU*  de  Cham.  xci. 

t  One  pound  of  the  compact  kind  giTeSi  by  careful  decompositioni  nearly  five  cubic  feeti  or  rather 
more  than  34  dosea.    H. 

t  Its  specific  gravity  compared  with  water,  is  1,5783.    (Fonrcroy.) 
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Proportioiu 
of  water* 


17}  and  therefore  the  representative  number  of  nitrate  of  am- 
monia is  71.* 

546.  The  solability  of  nitrate  of  ammonia  varies,  according  Soiuwiity 
to  the  temperature  in  which  it  has  been  formed.  When  in 
crystals,  it  requires  twice  its  weight  of  water  for  solution,  or 
half  its  weight  of  boiling  water.  It  deliquiates,  in  all  its  forms 
when  exposed  to  the  atmosphere.  Its  taste  is  acrid  and  bitter. 
It  contains  different  proportions  of  water  of  crystallization  ;  ac- 
cording to  Berzelius,  the  prismatic  variety  affords  11,232  per 
cent  A  According  to  Davy,  the  fibrous  variety  contains  S,2per 
cent,  ;  and  the  compact,  obtained  by  evaporating  the  solution 
till  it  concretes,  SJ  per  cent,  of  water  of  crystallization.} 

547.  Atmospheric  Air, — The  composition  of  atmospheric  air 
has  been  frequently  alluded  to  in  the  preceding  pages,  and  as 
the  student  is  now  acquainted  with  its  essential  component 
parts,  namely,  oxygen  and  nitrogen,  it  may  be  right  to  consider 
its  properties  more  at  length. 


Atmofpherio 
air. 


CompofiUob. 


*  Oi  it  may  be  eoiuidored  aa  containing  two  proportionab  of  aitro(en,  threo  of  hydrogen,  and  five 
of  oxygen,  at  the  following  tymbolfl  show : 
«  Nitrate  of  Ammonia. 


mtrie  Aeid. 

54. 


Anunonia. 

17. 


Nitrogen 
14 

Oxygon 

8. 

8. 

8. 

8. 

Nitrogen 
14 

Hydrogen 
1 

1 

1 

IKtaoal  03d^  coailali  of  1  proportional  of  nilrogen  ss  14  -{- 1  of  oxygen  s  8 ;  bence  the  S  pro- 
portionals of  nitrogen  in  the  lalt  (1  in  the  acid  and  1  in  the  ammonia)  will  require  3  of  oxygen  to 
jirodoce  nitrous  oxide,  and  the  remaining  3  of  oxygen  will  unite  to  the  3  of  hydrogen,  and  fonn  water; 
and  aeeordingly  mtrons  oxide  and  woter  aro  the  only  possible  results;  ao  that  die  elements  after  the 
decempoiition  of  the  aalt,  an  anraaged  thus : 

Two  proportionals  of  Nitrous  Oxide.       Throe  proportiooals  of  Water. 


Nitrogen 
14 


** 


14 


°lf 


gen 


Hydrogen 
1 

Oxygen 

1 

8. 

1 

a 

^mAn%ai«ii€ClUmM$4 


t  Davy's  JUtearckUt  p.  71^ 
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PrupertieB.  The  atiHOsphere  is  a  tliiiii  transparent,  invisible,  and  elastic 
fluid,  which  surrounds  our  planet  aud  reaches  to  a  considerable 
height  above  its  surface,^  probably  about  45  miles.  It  may  be 
diminished  in  volume  to  a  great  extent  by  compression  ;  accord- 
ing to  Mr  Perkins  it  becomes  liquid  under  a  pressure  of  2000 
atmospheres.*! 

548.  That  air  is  a  ponderous  body,  was  first  suspected  by 
Galileo,  who  found  that  a  copper  ball,  in  which  the  air  had  been 

Weight.  condensed,  weiglied  heavier  than  when  the  air  was  in  its  ordi- 
nary state  of  tension.  The  fact  was  afterwards  demonsU*ated 
by  Toricelli,  whose  attention  was  drawn  to  the  subject  by  the 
attempt  of  a  well-digger  at  Florence,  to  raise  water  by  a  suck- 
ing-pump to  a  height  exceeding  33  feet  It  was  then  found  that 
the  pressure  of  the  atmosphere,  and  not  nature's  abhorrence  of 
a  vacuum,  was  the  cause  of  the  ascent  of  the  water  in  the  pump- 
pipe,  and  that  a  column  of  about  the  height  mentioned  was 
sufficient  to  equipoise  the  atmosphere. 

549.  In  1643,  Toricelli  filled  a  glass  tube,  three  feet  long 
and  closed  at  one  end,  with  quicksilver,  and  inverted  it  in  a 
basin  of  the  same  fluid ;  he  found  that  the  mercury  fell  about 
six  inches,  so  that  the  atmosphere  appeared  capable  of  counter- 
balancing a  column  of  mercury  30  inches  in  height.  The 
empty  space,  in  the  upper  part  of  the  tube,  has  hence  been 
called  the  Torricellian  vacuum^  and  is  the  most  perfect  that 
can  be  formed. 

Paschal  and  Toricelli  afterwards  observed,  that  upon  ascend- 
ing a  mountain,  the  quicksilver  fell  in  the  tube,  because  there 
was  less  air  above  to  press  upon  the  surface  of  the  metal  in  the 
basin  ;  and  thus  a  method  of  measuring  the  heights  of  moun- 
tains by  the  barometer^  as  the  instrument  is  now  called,  was 
devised.  Sir  Henry  Englefield  has  constructed  a  barometer, 
expressly  for  these  investigations,  the  mode  of  using  which  is 
described  in  the  Journal  of  Science  and  the  JiriSj  vol.  v.  p.  :229« 

550.  The  barometer  indicates,  by  its  rise  and  fall,  a  cor- 
responding change  in  the  density  of  the  atmosphere.  At  the 
surface  of  the  earth  the  mean  density  or  pressure  is  considered 
equal  to  the  support  of  a  column  of  quicksilver  30  inches  high4 

*      551.  The  general  mechanical  properties  of  the  air  are  best 
Air-punp.     illustrated  by  the  air-pump,  the  construction  of  which  much 


lluiwity  of 
tbo  atiitoi* 
ph«re  indi- 
cated. 


•Phil    Trant  185«. 

t  S«f«  Dr  WoUaaUvi  "'  on,  ikt  Finite  txtenl  of  the  AtPMtpktre^—Booi  Jour.  L.  1& 

Tncho*. 
t  Al  1000  fret  above  the  anrfkce  the  colomn  AUb  to  S?8,91 
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3(IU0    ..............  26,85 
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resembles  that  of  the  common  suckino^-pump  used  for  raising 
water,  excepting  that  all  the  parts  are  more  accurately  and 
nicely  made,  the  object  being  to  exhaust  the  air  as  completely 
and  expeditiously  as  possible.* 

552.  The  specific  gravity  of  atmospheric  air,  at  mean  tem-  Specific 
perature  and  pressure,  that  is,  the  thermometer  being  at  60°,  •**'"*'• 
and  (he  barometer  at  30  inches,  is,  usually  considered  as  =  1. 

It  is  about  828,59  times  as  light  as  its  bulk  of  water,  100  cubical 
inches  weighing  rather  more  than  30  grains.  (30,5  H.) 

553.  Atmospheric  air  has  already  been  stated  to  consist 
essentially  of  oxygen  and  nitrogen  gases  (547) :  whether  it 
should  be  considered  a  mere  mixture  or  a  chemical  compound 
is  a  question  which  has  been  much  discussed.  The  recent 
experiments  of  M.  Dulong  have  shown  that  the  refractive 
power  of  the  atmosphere  is  precisely  such  as  a  .-"lixture  of 
oxygen  and  nitrogen  ought  to  have,  and  different  fiom  what 

would  be  expected  were  its  elements  chemically  untted.t     The  ciiomicai  et 
oxygen  seems  to  be  the  only  ingredient  on  which  the  effects  of  <««»■  «Jep««i- 
the  air,  as  a  chemical  agent,  depend.     Hence  combustible  bodies  |eo.^''  ^^ 
burn  in  atmospheric  air,  only  in  consequence  of  the  oxygen  gas 
which  it  contains ;  and  when  this  is  exhausted,  air  is  no  longer 
capable  of  supporting  combustion.     Its  analysis  is  satisfactorily 
demonstrated  by  the  action  of  heated  mercury,  but  the  process 
is  extremely  tedious.):     By  exposure,  during  12  days  to  mercury  Laroiner*! 
heated  in  a  retort,  a  given  quantity  of  atmospheric  air  was  found  •*p**""*°*" 
to  be  diminished  in  bulk,  and  to  have  lost  its  property  of  sup- 
porting combustion.     The  mercury  was  changed  into  red  scaljr 
particles,  and  it  had  acquired  an  increase  of  weight.     When 
these  red  particles  were  submitted  to  heat,  in  a  retort,  oxygen 
gas  was  evolved  equal  in  bulk  to  what  the  air  had  lost  in  the 
first  part  of  the  experiment. 

551.  If  a  little  bulphur  or  phosphorus  be  burnt  in  a  jar  of 
atmospheric  air,  instead  of  oxygen  gas  the  combustion  will  be 
less  vivid,  and  will  cease  sooner.  The  remaining  air  will  not 
support  combustion,  and  will  be  found  to  be  nitrogen  gas. 

There  are  various  ways  of  learning  the  proportion  which  the 
oxygen  bears  to  the  nitrogen;  and  as  the  relative  fitness  of  the 
air  for  breathing  has  sometimes  been  considered  as  depending  * 
upon  the  quantity  of  oxygen  contained  in  a  given  volume,  the 
instruments  used  in  these  experiments  have  been  called  eudi-  ^adiometiy. 
omtters. 

555,  From  facts  already  stated  it  is  obvious,  that  if  atmospheric 
air,  mixed  with  a  certain  quantity  of  hydrogen,  be  detonated  by 
the  electric  spark  the  absorption  will  be  proportionate  to  the 
quantity  of  oxygea  present. 

When  100  measures  of  pure  hydrogen  are  mixed  with  100 
of  pure  oxygen,  the  diminution  of  bulk  after  detonation  will 
amount  to  150  parts,  that  is,  one  volume  of  oxygen  requires 


*  Bee  Cnmb.  M'duinicty  psf  e  403. 

t  Sue  M.  UuIoDg'i  paper  on  "(JU  refraetivt  potetr  0/  ela$tic  finid$^'^*  io  Bretrsur*«  Jvtirxc/, 
vol.  4,  p.  211.  X  Seo  Lavouer'a  1.7«me»t«,  chap.  tii. 
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for  its  saturation  two  of  hydrogen.  If  we  introduce  into  the 
graduated  detonating  tube  (fig.  88)  300  measures  of  common  air, 
and  200  of  pure  hydrogen,  there  will  remain,  after  detonation 
305  measures:  so  that  195  measures  will  have  disappeared,  of 
which  one-third  may  be  estimated  as  pure  oxygen  ;  hence  300 
parts  of  air  have  thus  lost  65  of  oxygen,  or  about  21  per  cent. 

556.  The  general  rule,  therefore,  for  estimating  the  purity 
of  air  by  hydrogen  gas  may  be  stated  as  follows  : — Add  to  3 
measures  of  the  air  under  examination  2  measures  of  pure 
hydrogen ;  detonate  ;  and,  when  the  vessel  has  cooled,  observe 
the  absorption ;  divide  its  amount  by  3,  and  the  quotient  is  the 
quantity  of  oxygen. 

557.  Upon  the  same  principle,  detohaton  of  mixtures  of  oxygen 
and  hydrogen  is  often  resorted  to,  with  a  view  of  ascertaining 
the  purity  of  those  gases.  Thus,  suppose  100  measures  of  oxy- 
gen, and  300  of  hydrogen,  to  be  reduced  by  detonation  to  130, 
the  whole  diminution  will  be  =  270,  which,  divided  by  3, 
gives  90  for  the  quantity  of  ox^^gen ;  so  that  it  contained  10 
per  cent,  of  some  gas,  not  condensable  by  detonation  with  hy- 
drogen. 

To  ascertain  the  purity  of  hydrogen,  it  may  be  detonated 
with  excess  of  pure  oxygen.  Thus,  if  we  add  100  of  pure 
oxygen  to  100  of  hydrogen,  and  detonate,  there  will  be  a  dimi- 
nution equal  to  two-thirds,  or  150  parts  if  the  hydrogen  be 
pure.  If,  however,  we  suppose  100  of  pure  oxygen,  mixed 
with  100  of  hydrogen,  to  produce,  after  detonation,  a  residue 
^f  80  measures ;  the  diminution  will  then  have  been  only  120 
measures,  of  which  two-thirds,  or  80  measures,  are  hydrogen ; 
so  that  the  inflammable  gas  will  have  contained  20  per  cent,  of 
some  other  gaseous  body,  not  condensable  by  detonation  with 
hydrogen.* 

558.  This  mode  of  ascertaining  the  purity  of  atmospheric  air 
was  first  resorted  to  by  Volta,  and  it  is  susceptible  of  great  accu- 
racy, since  pure  hydrogen  and  pure  oxygen  are  easily  procured. 
An  improved  detonating  tube  for  these  purposes  has  been  de- 
scribed by  M.  Gay-Lussac.t  it     Several  new  Eudiometers  have 


Dr  Ure'a  ea< 
diomaMr. 


.    *  For  a  particular  dflaeription  of  wireral  pointa  in  eudiometry,  we  Faraday's  Ckem*  Jiamip.  tecL 
XTii>  paraeraph  9I9|  /ice. 
t  AitAolta  de  Chem.  et  Pkjfs.  iv.  168.  ^ 

X  Id  the  eudiometer  of  I>r  Ure.  the  atmoaphertc  air,  the  most  elastic  and  economical  of  all  spric^ 
is  employed  to  receive  and  deaden  the  recoil.  This  eadiomelor  consists  of  a  glass  syphon  (fig.  107), 
having  an  interior  diameter  of  from  Sl-lOtfas  to  4-lOtlis  of  an  inch.  Its  legs  are  of  nearly  equal  length, 
each  being  froni  six  to  nine  inches  long-  The  opou  extremity  is  slightly  funool'shaped,  the  other 
liormotically  sealed  ;  and  has  inserted  near  it,  by  the  blow-pipe  two  platinum  wires.  The  outer  end 
of  tho  one  wire  is  incurvated  across,  so  as  nearly  to  touch  the  edge  of  tho  aperture ;  that  of  the  other 
is  furmcd  into  a  little  hook,  to  allow  a  small  spherical  batton  to  be  attached  to  it  when  the  electrical 
spark  Is  to  be  transmitted.  Tlio  two  legs  of  the  syphon  are  from  one  .fourth  to  one-half  inch  asunder. 
The  sealed  leg  is  graduated  by  introducing  successively  equal  weights  of  mercury  fri>m  a  measur* 
glass  tube.  Bcven  ounces  troy  and  66  grains,  occupy  the  space  of  a  cubic  inch ;  and  34  1.4  grains 
represent  Y^^  P&rt  of  that  volume.  The  other  leg  may  bo  graduated  also,  though  this  is  not 
necessary. 

To  use  this  initrurocnt,  we  first  fill  tlie  whole  syphon  writh  mercury  or  water ;  the  open  Irg  is  then 
plunged  into  a  pneumatic  trough,  and  any  convenient  quantity  of  the  gases  is  introduced  fiom  a  glaaa 
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been  described  by  Professor  Hare  in  the  American  Jour,  of 
Science,  Vols.  II  and  X. 

559.  Scheele,  in   his  eudiometrical  experiments,  employed  orsehMfo. 
snlphuret  of  poiassa^  the  solution  of  which  rapidly  absorbs 
oxygen,  as  may  be  shown  by  agitating  it  with  some  atmos- 
pheric air,  in  a  graduated  glass  tube.     Or  take  two  tubes,  each 

a  few  inches  long,  closed  at  one  end,  and  divided  into  100 
aliquot  parts.  Fill  the  one  with  atmospherical  air,  the  other 
with  oxygen  gas,  and  invert  them  in  two  separate  cups,  filled 
with  a  solution  of  sulphuret  of  potassa.  The  sulphuret  will 
ascend  gradually  within  the  tube  of  common  air,  till,  after  a 
few  days,  about  four-5ths  of  its  original  volume  will  remain  ; 
but  in  that  containinir  oxygen,  it  will  ascend  much  higher,  and, 
if  the  gas  be  pure,  will  eren  absorb  the  whole. 

The  explanation  of  this  fact  is,  that  liquid  sulphuret  of  potassa 
has  the  property  of  absorbing  oxygen,  but  not  nitrogen.  It 
therefore  acts  on  atmospheric  air,  only  as  long  as  any  oxygen 
gas  remains,  and  may  be  employed  as  a  means  of  ascertaining 
the  quantity  of  this  gas  in  the  atmosphere  at  different  times  and 
at  distant  places.     H.  1.  292. 

560.  The  best  instruments  for  these   experiments  are  the 
eudiometric  tubes  of  Dr  Hope*  and  Dr  Henry .t    The  former,  ofRofM. 
fig.  104,  consists  of  a  small  bottle,  holding  about  three  ounces, 

into  which  the  glass  tube  a,  which  holds  precisely  a  cubic  inch,  pj  ^^ 
and  is  divided  into  100  equal  parts,  is  carefully  fitted  by  grind- 
ing. It  also  has  a  ground  stopper  at  6.  To  use  it,  the  phial 
is  filled  with  the  solution  of  the  alkaline  sulphuret  (which  is 
best  prepared  by  boiling  a  mixture  of  quicklime  and  sulphur 
with  water,  filtering  the  solution,* and  agitating  it  for  some  time 
in  a  bottle  half  filled  with  common  air,)  and  the  tube  a,  con- 
taining the  air  to  be  examined,  fitted  into  its  place.     After 


ncasarc  tube  containing  them  in  dotermtnate  proportions  Applying  tbo  finger  to  the  orifice  wo  next 
remove  it  from  the  trough,  like  a  simple  tube,  and  by  a  littlo  dexterity  trunafer  the  gai  into  the  sealed 
leg  of  the  syphon.  When  we  conceive  enough  has  been  passed  up,  the  finger  is  icmoTed  and  tho 
mercury  brought  to  a  level  in  both  kge,  either  by  the  addition  of  a  few  dro|*s,  or  by  the  displacement 
•f  a  portion,  by  thrusting  down  ^to  it  a  small  cylinder  of  wood.  We  now  ascertain^  by  careful 
impection,  the  volume  of  included  gas.  Applying  the  forefinger  again  to  the  orifice,  so  as  also  to 
touch  the  end  of  the  platinum  vrire,  we  then  approach  tho  pendent  ball  or  button  to  the  electrical 
naehioe,  and  transmit  a  spark,  but  a  slight  push  or  pressure  oo  tho  tip  of  the  finger  is  folt,  even 
when  the  gan  is  in  considerable  quantity  and  of  a  stxungly  explosive  power.  Aftor  exploaion  oo 
gradually  sliding  the  finger  to  one  side  and  admitting  tiio  a.r,  the  mercurial  column  in  tlic  sealed  leg 
will  rise  more  or  leaa  above  that  in  the  other.  The  t.>r,uiltbrium  ia  tJien  restored  by  adding  mercury, 
wbeo  we  read  ofiT,  without  any  reduction,  the  true  resulting  volume  of  gas  As  two  inches  or  moi«  of 
air  should  always  be  left  between  the  finger  and  tbo  mercury,  this  atmospheric  column  sorros  as  a 
peilbct  recoil  spring,  enabliug  us  to  explode  very  large  quaniitiuii  witltuut  danger. 

We  may  analyse  the  residual  gaseous  matter,  by  introducing,  either  a  liquid  or  solid  reagent.  W« 
ftffst  fill  the  open  leg  nearly  to  the  brim  with  quicksilver,  and  then  place  uvor  it  tho  substance  whose 
■ctioo  on  thegts  we  wish  to  try.  If  liquid,  it  may  bn  passed  round  into  the  scaled  leg  among  the 
gas ;  bat  if  solid  the  gas  must  be  brought  round  into  tlie  open  leg,  its  orifice  having  been  previously 
'  dosed  with  a  cork  or  stopper.  After  a  proper  intervsl  the  gas  having  been  transferred  back  into  the 
fradoated  tube,  tho  ehan^  of  its  volume  may  be  accurately  determined.— Ure*s  Diet,  440— £dia. 
Pm.  TVoiw.  1818.— See,  also,  EsrUay,  p.  434. 

*  NieholBOii*s  JoitnuU,  vol.  iv.  t  MSemewU^  vol.  i.  p.  S90. 
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inverting  and  agiUtiRg  the  instrument,  the  stopper  b  may  be 
opened  under  water,  and  the  absorption  is  shown  by  the  rise  of 
the  fluid  in  the  tube.     For  the  glass  bottle  Dr  Henry  substituted 

PI  ^,  the  elastic  gum  bottle  6,  fig.  105^  in. the  neck  of  which  a  short 

piece  of  glass  tube  is  secured,  into  which  the  tube  a  is  fitted  by 
grinding. 

Of  Pepj«.  In  the  Philosophical  Transactions  for  1807,  Mr  Pepys  has 

described  a  modification  of  this  Eudiometer,  which  may  be 
often  advantageously  employed  in  delicate  experiments,  and  by 
which  an  absorption  of  only  jjf)tjf  parts  of  the  gas  under  exami- 
nation may  be  measured. 

orprioftiey.  561.  When  nitric  oxide  gas  and  atmospheric  air  are  mixed, 
there  is  a  production  of  nitrous  acid,  in  consequence  of  the 
union  of  oxygen  with  the  oxide  (478) ;  and  if  the  mixture  be 
made  over  water,  an  absorption,  proportional  to  the  quantity  of 
nitrous  acid  formed,  ensues.  Upon  this  principle  nitric  oxide 
may  be  used  in  eudiometrical  experiments,  and,  if  proper  pre- 
cautions be  attended  to,  it  furnishes  tolerably  accurate  results. 
Dr  Priestly  and  Mr  Cavendish*  availed  themselves  of  this  mode, 
and  Mr  Dalton  has  offered  some  remarks  upon  its  relative  accu- 
racy.! X 

Of  DftTy.  Sir  H.  Davy  suggested  the  use  of  a  solution  of  sulphate  of 

iron,  impregnated  with  nitric  oxide  gas,  for  the  absorption  of 
oxygen ;  it  may  be  employed  in  the  same  way  as  the  alkaline 
sulphuret  (507.) 

562.  If  a  stick  of  phosphorus  be  confined  in  a  portion  of 
atmospheric  air  it  will  slowly  absorb  the  oxygen  present.  The 
rapid  combustion  of  the  same  substance  may  also  be  conveniently 
resorted  to.  For  this  purpose  a  small  piece  of  phosphorus  may 
be  introduced  into  the  bulb  of  the  tube  a,  fig.  106,  containing  a 

^  ^'  given  measure  of  the  air  to  be  examined,  confined  over  mer- 

cury, which,  to  prevent  loss  by  expansion,  should  be  suffered 
to  occupy  about  half  the  tube,  or  to  stand  at  b.  The  phospho- 
rus may  then  be  inflamed  in  the  tube;  and  when  the  combustion 
is  over,  and  the  tube  cold,  the  residuary  air  may  be  transferred 
for  measurement.     These  eudiometrical  methods  were  used   by 

OTLaTowiw,  Lavosicr,  Berthollet,  and  Seguin§  and  are  both  susceptible  of 
accuracy,  and  a  loss  of  volume  of  about  21  per  cent,  of  the 
atmospheric  air  will  invariably  be  found  to  have  occurred.|| 

563.  By  experiments  thus  conducted,  it  has  been  found  that 
the  composition  of  the  atmosphere  is  extremely  uniform  in  all 

•  Phil.  Trans.  1763.  t  Piul.  Mag.  toU  zxTiii. 

}  For  tli«  details  of  this  process  see  Henry's  Chsmutry^  vol*  t.  p.  31S,  edit.  lOtb. 

$  Annates  de  CAtntM,  torn  iz.  and  xxxiv. 

II  Since  the  discovery  of  Professor  Doebereiner,  tliat  platinum  sponge  (sub-oxide  of  platinum)  causes 
tbe  union  of  hydrogen  and  oxygen  gases  (379),  it  has  been  applied  to  the  purposes  of  £udiometry. 
The  suBH>xide  of  platinum  being  formed  into  small  balls  with  day,  and  passed  up  into  small  graduated 
tubes  contaiui{ig  the  air  to  be  examined,  over  mercury.— flee  B^tUn  Jmar,  •/  FkU»»0fhft  9cx»  voi«  i. 
p.  548,  u.  9B0,  iii.  13.— Hwiry*s  Ckmittrp,  L  p.  S37. 
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parts  of  the  world,  and  at  all  heights  abo^e  its  surface ;  and  that 
it  contains  between  20  and  21  volumes  of  oxygen  in  100.* 

ByHcaaure.  By  Weight. 

Ozvgen 21 23,3 

Nifrogen 79 76,7 

100  100,0 

Though  oxygen  and  nitrogen  are  the  essential  component 
parts  of  atmospheric  air,  it  contains  other  substances,  which^ 
however,  may  be  regarded  as  adventitious,  and  the  quantity  of 
which  is  liable  to  vary  :  of  these^  carbonic  acid  and  aqueous  GaiV>iuefteid 
vapour  are  the  most  important  and  constant.  The  quantity  of '"**'' 
the  former  may  usually  be  considered  as  amounting  to  less  than 
1  per  cent. 

564.  The  presence  of  aqueous  vapour  in  the  atmosphere  is 
shown  in  a  variety  of  ways,  but  most  easily  by  exposing  to  .^^     .    . 
It  certain  deliquescent  substances  which  liquefy  and  increase  ' 
in  weight,  in  consequence  of  its  absorption  ;  and  as  the  gases  in 
general,  unless  artificially  dried,  also  contain  vapour  of  water, 

it  is  necessary,  in  delicate  experiments,  and  in  ascertaining 
their  specific  gravitVi  to  fake  this  ingredient  into  the  account, 
or  to  separate  it  by  proper  means,  such  as  exposure  to  very 
deliquescent  substances,  among  which  fused  chloride  of  calcium 
is  especially  useful. 

The  quantity  of  water  contained  in  air  and  gases  is  subject  itflqaantity. 
to  variation.  From  the  experiments  of  Saussure  and  Dahon, 
it  appears  that  100  cubic  inches  of  atmospheric  air  at  57°,  are 
capable  of  retaining  0,85  grains  of  watery  vapour;  in  this  state 
the  air  may  be  considered  at  its  maximum  of  humidity  :  it 
would  also  appear  that  all  the  gases  take  up  the  same  quantity 
of  water  when  under  similar  circumstances,  and  that  it  conse- 
quently depends,  not  upon  the  density  or  composition,  but  upon 
the  bulk  of  the  gaseous  fluid. 

We  are  indebted  to  Mr  Dalton  for  some  valuable  information 
respecting  the  state  in  which  water  exists  in  air ;  from  which 
it  may  be  concluded  that  It  is  in  the  state  of  vapour,  forming 
an  independent  atmosphere,  mixed,  but  not  combined  with,  or 
dissolved  in  the  air. 

565.  Hyf^roscopes  and  Hygrometers  are  instruments  which  Hygrometen. 
show  the  presence  of  water  in  the  air,  its  variation  in  quantity, 

and  its  actual  quantity  existing  in  a  given  bulk  of  air  at  any 
given  time.  Saussure  employs  a  human  hair,  which,  by  its 
dilatations  and  contractions  in  moisture  and  dryness,  is  made 
tQ  turn  an  index ;  Deluc  used  a  thin  strip  of  whalebone  in  the 
same  way ;  Wilson  employed  a  rat's  bladder,  which  is  filled 
with  mercury,  and  tied  on  a  large  thermometer  tube,  and  by  its 
dilatation  and  contraction  causes  the  mercury  to  fall  and  rise  \Xi 
the  tube,  and  thus  to  indicate  changes  in  the  moisture  of  the  air. 

*  Dr  Heaiyt  who  ha«  made  numeroaa  experimentB  on  the  uialyms  of  atmoiphcrir  air,  hu  not  yet 
been  able  to  deeide  whether  it  contatot  90  or  SI  Tolumea  of  oxygen  in  100,  the  proportion  being  moftly 
hetwMo  tfaoM  two  nombert.    H.  1.  S94,  edit  10. 
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Mr  Daniell  lias  constructed  a  hygrometer,  which  shows  the  con- 
slituent  temperature  of  the  moisture  in  the  atmosphere,  by  its 
precipitation  upon  a  cold  surface;  comparing  this  with  the  tem- 
perature of  the  atmosphere,  the  difference  furnishes  a  datum  for 
calculating  the  quantity  of  vapour  in  a  given  quantity  of  air^ 
and  affords  indications  usefully  applicable  to  predicting  change 
of  weather.* 
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Section  III.     Sulphur. 

566.  Sulphur,  or  brimstone,  is  a  brittle  substance,  of  a  pale 
yellow  colour ;  insipid  and  inodorous,  but  exhaling  a  peculiar 
smell  when  heated.  Its  specific  gravity  is  l,990.t  It  becomes 
negaiively  electrical  by  heat  and  by  friction. 

Sulphur  is  principally  a  mineral  product,^:  and  occurs  crystal- 
lized J  M.  Mitscherlich  has  discovered  two  primary  forms  of 
sulphur.  The  one,  which  occurs  in  nature,  is  an  octoedron 
with  a  rhombic  base ;  the  other,  produced  by  the  slow  cooling 
of  fused  sulphur,  an  oblique  rhombic  prism.  Its  crystals  are 
in  a  high  degree  doubly  refractive. 

567.  Massive  sulphur  is  chiefly  broughtfrom  Sicily;  it  oc- 
curs native,  and  is  found  associated  with  sulphate  of  lime, 
sulphate  of  strontia,  and  carbonate  of  lime ;  it  is  not  uncommon 
among  volcanic  products. 

56S.  Roll-sulphur  is  chiefly  obtained  from  sulphuret  of  cop- 
per ;  which  is  roasted  and  the  fumes  received  into  a  long  cham- 
ber of  brick-work,  where  the  sulphur  is  gradually  deposited  :  it 
is  then  purified  by  fusion,  and  cast  into  sticks.  In  this  state, 
if  grasped  by  the  warm  hand,  it  splits  with  a  crackling  noise. 

569.  According  to  the  recent  experiments  of  M.  Dumas§  the 
fusing  point  of  sulphur  may  be  considered  as  226^,4.  Between 
230^  and  284^  it  is  as  liquid  as  a  clear  varnish,  and  of  the 
colour  of  amber :  at  about  320°  it  begins  to  thicken,  and  acquire 
a  red  colour ;  on  increasing  the  heat,  it  becomes  so  thick  that 
it  will  not  pour.  This  effect  is  most  marked  between  428^ 
and  572^  ;  the  colour  being  then  ja  red  brown.  From  572°  to 
the  boiling  point  it  becomes  thinner,  but  never  so  fluid  as  at 
248^ 

When  the  most  fluid  sulphur  is  suddenly  cooled,  it  becomes 
brittle,  but  the  thickened  sulphur,  similarly  treated^  remains 
softy  and  more  ^oft  as  the  temperature  has  been  higher.  la 
this  Slate  it  is  applied  to  taking  impressions  from  engraved 
stoneb^  &;c. 


*  See  Quarterly  Jomr,  of  Scieneey  vols.  viii.  ix.  x. 
t  Sp.  «r.  c:  8.U..hur  vapour  }  {iV^VgeL'S.  \  T- 

X  It  is  said  to  have  been  detuctod  in  several  vefetaUM  and  in  gum  mihir.    Janwuoii*!  Jntr.  siv.  172. 
$  Jinn-  de  Chim.  xxvi.  63,  and  QuarU  Jour-  N.  8.  iv.  4UK!. 
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570.  Fused  sulphur  has  a  tendency  to  crystallize  in  cooling,  cryvtaniM- 
and   by  good  management  regular  crystals  may  be  obtained.  '*""**'• 
For  this  purpose   several  pounds  of  sulphur  should  be  melted 

in  a  crucible;  and  when  partially  cooled,  the  outer  solid  crust 
should  be  pierced,  and  the  crucible  quickly  inverted  so  that  the 
fluid  portion  within  may  gradually  flow  out,  on  breaking  the 
solid  mass,  when  quite  cold,  crystals  of  sulphur  will  be  found 
in  the  interior.  Mv  Faraday  and  M.  Bellani'*^  have  found  that 
fused  sulphur  will  remain  fluid  at  common  temperatures,  and 
solidify  when  touched  by  a  fragment  of  sulphur  or  a  thread  of 
glass. 

571.  Sublimed  sulphur,  when  examined  by  a  microscope  ap-  CfyitaiHzea. 
pears  composed  of  minute  crystals  ;  it  is  always  slightly  sour, 

and  hence,  for  some  pharmaceutical  purposes^  is  directed  to  be 
washed  in  hot  water. 

572.  Sulphur  is  insoluble  in  water,  but  unites  with  it  under 
favourable  circumstances  forming  the  white  hydrate  of  sul-  Hydrate. 
phur,  termed  Lac  sitlphiiris.  It  dissolves  in  boiling  oil  of 
turpentine.  It  is  also  soluble  in  alcohol  if  both  substances  are 
brought  together  in  the  form  of  vapour.  The  sulphur  is  pre- 
cipitated from  the  solution  by  the  addition  of  water. 

573.  Sulphur,  retains  a  portion  of  hydrogen  so  obstinately  contaioBhy- 
(hat  it  cannot  be  wholly  freed  from  it  either  by  fusion  or  subli-    °'^'" 
mation.     SirH.  Davy  detected  its  presence  by  exposing  sulphur 

to  voltaic  electricity,  when  some  sulphuretted  hydrogen  gas  was 
disengaged.  The  hydrogen,  from  its  minute  quantity, can  only 
be  regarded  as  an  accidental  impurity,  and  as  not  essential  to 
the  nature  of  sulphur. 

574.  The  purity  of  sulphur  may  be  judged  of  by  heating  it  Te*  of  um 
gradcaily  upon  a  piece  of  platinum  leaf;  if  free  from  earthy  im-  phur?^  '^' 
purities,  it  should  totally  evaporate.     It  should  also  be  perfectly 
soluble  in  boiling  oil  of  turpentine.! 

575.  Sulphur  and  Oxygen, — Sulphur  forms  two  well  defin-  UnitoewiUi 
ed  compounds  with  oxygen;  the  sulphurous  and  sulphuric  acids;  ^'^^°' 
two  other  compounds  of  sulphur  and  oxygen  have  also  been  de- 
scribed under  the  names  of  Ilyposulphurous ^nd  Hyposulphuric  saiphurow 
•^cids  ;  but  these  can  scarcely  be  said  to  exist,  except  in  combi-  ^  * 
nation  with  bases.     If  they  be  admitted  as  distinct  compounds, 
sulphur  may  be  considered  as  susceptible  of  four  states  of  com- 
bination with  oxygen,  and  these  compounds  will  consist  respec- 
tively of 

1  Stilphar  -4-  1  Osjgen  r=  Hyposulpburous  acid. 
I     Ditto    -  -  2     Uiuo    =  Sulphurous  ucid. 
1     Ditto    --2,5  Ditto    =  Flyposulphuric  acid.f 
1     Ditto    4-  3     Ditto    =  Sulphuric  acid. 

Sulphurous  acid  is  a  gaseous  body,  w*hich  may  be  obtained 
by  several  processes ; 


*  QiiarC.  J9ur.  N*  8.  iv.  p.  4fl9«  f  Aikim*  Dietfonatft  Art.  Svlphur. 

t  3  Sttlphur  -J-  5  oxygco,  (U  ; 
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576.  By  burning  sulphur  at  a  low  temperature,  in  commoQ 
air,  under  a  glass  bell ;  and  if  slips  of  linen  cloth,  dipped  in  a 
solution  of  potassa,  be  exposed  to  the  vapour,  the  alkali  forms  a 
combination  with  the  sulphurous  acid,  which  may  afterwards  be 
washed  off  and  evaporated.  The  dry  salt,  distilled  with  liquid 
tartaric  acid,  j^ives  sulphurous  acid  gas. 

It  is  formed,  exclusively,  when  sulphur  is  burned  in  dry 
oxygen  gas  The  gas,  when  restored  to  its  original  temperature, 
is  found  to  be  contracted  y'^ th  or  ^'^th  of  its  bulk ;  but  this  is 
probably  owing  to  the  hydrogen  contained  in  sulphur,  for  there 
is  eviery  reason  to  believe,  that  oxygen  gas,  by  becoming  sul- 
phurous acid,  is  not  at  all  changed  in  volume.     H.  1.  383. 

577.  As  the  acid  obtained  by  burning  sulphur  in  this  way,  is 
commonly  mixed  with  more  or  less  sulphuric  acid,  when  sul- 
phurous acid  is  wanted  it  is  commonly  made  by  abstracting  part 
of  the  oxygen  from  sulphuric  acid.  This  may  be  done  in 
several  ways.  If  chips  of  wood,  straw,  or  cork,  oil  or  other 
vegetable  matters  be  heated  in  strong  sulphuric  acid,  the  carbon 
and  hydrogen  of  those  substances  deprive  the  acid  of  a  part  of 
its  oxygen,  and  convert  it  into  sulphurous  acid.  Nearly  all  the 
metdls,  with  the  aid  of  heat,  have  a  similar  effect. 

The  best  method  of  obtaining  sulphurous  acid  gas,  is  by  put- 
ting two  parts  of  mercury  and  three  of  sulphuric  acid  into  a 
S^lass  retort,  and  then  raising  the  heat ;  sulphurous  acid  gas  is 
brmed,  and  may  be  collected  and  preserved  over  quicksilver. 
Half  an  ounce  of  mercury  is  sufficient  for  the  production  of 
several  pints  of  the  gas. 

578.  Water  takes  up  rather  more  than  30  times  its  bulk  of 
this  gas,  forming  the  liquid  sulphurous  acid,  which  when  re- 
cently prepared,  has  a  sulphurous  astringent  taste,  but,  by  keep- 
it  acquires  a  sour  flavour. 

The  watery  solution  does  not  redden  infusion  of  litmus,  as 
acids  in  general  do,  but  totally  destroys  its  colour.  Hence  its 
use  in  bleaching  several  vegetable  and  animal  products.  Pre* 
pared  by  the  combustion  of  sulphur,  it  is  much  used  for  bleach- 
ing cotton  goods*  and  also  for  whitening  silk  and  wool ;  in  wine 
countries  it  is  sometimes  used  to  check  vinous  fermentation.  It 
restores  the  coloujr  of  sirup  of  violets,  which  has  been  reddened 
by  other  acids. 

579.  Vegetable  blues  are  reddened  by  sulphurous  acid  previ- 
ous to  their  being  discharged. 

A  pleasing  instance  of  \i%  effect  on  colours  may  be  exhibited  by  bolding  a 
red  rose  over  the  blue  flame  of  a  coiudiod  match,  by  which  Uie  colour  will  be 
discharged  wherever  the  sulphurous  acid  comes  in  contact  with  it,  so  as  to 
render  it  beautifully  variegnfed,  or  entirely  while.  If  it  be  then  dipped  into 
water,  the  redness,  after  a  short  time  will  be  restored.     U.  1 10. 

560.  This  gas  has  a  suffocating  nauseous  odour,  and  an  astrin- 
gent taste ;  it  extinguishes  flame,  and  kills  animals ;  it  is  exceed- 


ing! 


^  QiMwt.  Jour.  afStimK9t  iv.  196. 


sfiCT.  m.  Sulphurous  ^tid — liquefied.  167 

ingly  deleterious  to  vegetables,  even  ia  very  minute  quantity 
and  proportion.* 

581.  Sir  H.  Davy  inferred  from  his  experiments  on  the  com- 
bustion of  sulphur  in  dry  oxygen  gast  that  100  cubic  inches  of 
sulphurous  acid  contain  100  cubic  inches  of  oxygen.  Accord* 
jng  to  Dt  Thomson t  sulphurous  acid  gas  is  just  twice  as  heavy 
as  oxygen ;  and  the  experiments  of  Davy  and  of  Thenard  cor- 
respond very  closely  with  this  result.  It  follows,  therefore,  that 
sulphurous  acid  consists  of  equal  weights  of  sulphur  and  oxygen  ; 
and  consequently  that  100  cubic  inches  wei^^h  67,77  grains, 
and  contain  33,888  grains  of  sulphur.  This  proportion  is  also 
established  by  the  researches  of  Berzelius.§ 

58S.  Sulphurous  acid  suffers  no  change  at  a  red  heat,  but  if  Um. 
mixed  with  hydrogen,  and  passed  through  a  red  hot  tube,  water 
is  formed  and  sulphur  deposited;  under  the  same  circumstances, 
it  is  also  decomposed   by  charcoal,  by  potassium  and  sodium, 
and  probably  by  several  other  metals. 

583.  Sulphurous  acid  is  converted  to  the  state  of  sulphuric  converted in- 

•  1.*.  A      »A  'to  •ulphunc 

acid  by  restoring  oxygen  to  it.  acid  by  re- 

A  mixture  of  oxygen  and  sulphurous  acid  gases,  both  per-  ^^^*^' 
fectly  dry,  and  standing  over  mercury,  is  not  diminished  by 
remaining  in  contact  with  each  other  during  some  months ;  but 
if  a  small  quantity  of  water  be  added,  the  mixture  begins  to 
diminish,  and  sulphuric  acid  is  formed.  Or  if  water  impreg- 
nated with  sulphurous  acid  be  exposed  to  oxygen  gas  in  a  tube, 
the  oxygen  in  10  or  14  days  is  imbibed  and  sulphuric  acid 
formed.  The  same  gases  in  a  state  of  mixture,  by  the  action  of 
electricity  or  by  being  driven  through  a  red-hot  porcelain  tube, 
afford  sulphuric  acid.  The  proportions  required  for  mutual 
saturation  are  two  measures  of  sulphurous  acid  and  one  of  oxy- 
gen gas- 

T<»  a  portion  of  wafer  taturated  with  iolpbiirous  acid  %m  add  a  little  oxide  Sxp. 
of  manganese,  a  subMance  that  contains  much  oxjf^en  loosely  combined,  (he 
ponfent  smell  of  the  water,  and  the  other  characteristics  of  sulphurous  acid 
will  soon  disappear.     H.  1.  385. 

584.  Mr  Faraday,  by  producing  sulphurous  acid  from  mer-  LiquAfeetion 
,  eury  and  concentrated  sulphuric  acid  sealed  up  in  a  bent  tube,  ^^l"^*" 

obtained  it  in  a  liquid  state.  He  describes  it  as  very  limpid 
and  fluid,  and  quite  colourless.  Its  refractive  power  appeared 
to  be  nearly  equal  to  that  of  water.  It  does  not  solidify  at  a 
temperature  of  0^  F.  When  a  tube  containing  it  is  opened,  it 
does  not  rush  out  as  with  an  explosion,  but  a  portion  of  the 
liquid  evaporates  rapidly,  cooling  another  portion  so  much  as  to 
leave  it  in  a  liquid  state  under  common  barometric  pressure* 
It  rapidly  dissipates,  however,  without  appearing  in  visible 
fumes,  but  with  a  strong  odour  of  sulphurous  acid,  leaving  the 
tube  perfectly  dry.     A  portion  of  the  vapour  collected  over 


*  See  Dr  Tvrom*%9Xf€rmnd»  ew  tkt  9§9U  of  gan*  en  9eg^AtMe»,  Brewster**  Jintr.  Jan.  IfflS. 
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mercury  proved  to  be  pure  sulphurous  acid  gas.  A  piece  of 
ice  dropped  into  the  fluid,  instantly  made  it  boil  from  the  heat 
.communicated  to  it.  The  specific  gravity  of  liquid  sulphurous 
acid  is  about  1,42,  at  45°  F.  it  exerts  a  pressure  of  about  two 
atmospheres.* 

585.  M.  Bussy  of  Paris  has  given  the  folloiviog  directions 
for  the  preparation  ot  anhydrous  sulphurous  acid. 

586.  Equal  parts  of  mercury  and  sulphuric  acid  are  put  into 
a  small  matrass,  which  is  connected  with  a  receiver  having  a 
long  tube  passing  into  a  small  flask.  The  receiver  is  to  be  sur- 
rounded with  melting  ice,  in  order  to  condense  the  water  which 
passes  over  with  the  gas.  The  tube  is  filled  with  fragments  of 
fused  chloride  of  calcium,  to  absorb  any  aqueous  vapour  which 
may  not  have  been  condensed  in  the  receiver.  The  flask  should 
also  be  surrounded  with  melting  ice  or  a  freezing  mixture.  As 
the  acid  passes  over  it  is  condensed  in  the  flask  and  appears  ia 
the  liquid  state. 

587.  When  obtained  in  this  manner  the  liquid  sulphurous 
acid  has  the  following  properties.  It  is  colourless,  transparent, 
of  the  specific  gravity  of  about  1,45,  and  it  boils  at  the  tempera- 
ture of  14°  F. 

588.  When  poured  on  the  hand  it  produces  a  sharp  cold,  and 
completely  evaporates.  If  poured,  drop  by  drop  into  water,  at 
the  ordinary  temperature  it  occasions  a  species  of  efiervescehce, 
owing  to  the  volatilization  of  part  of  the  acid,  and  the  surface 
of  the  water  is  covered  with  ice. 

With  this  acid  Mr  Bussy  has  found  it  easy  to  freeze  mercury. 
The  mercury  is  to  be  placed  in  a  watch  glass  on  the  plate  of 
the  air  pump,  and  the* acid  being  added  the  receiver  is  quickly 
placed  over  it  and  exhausted  (158).  From  20  to  30  grains  of 
mercury  and  as  much  acid  may  be  employed. 

589.  It  has  also  been  applied  to  the  liquefaction  of  chlorine 
and  several  other  gases.t 

590.  When  sulphurous  acid  is  mixed  in  equal  volume  with 
ammonia,  a  yellowish  salt  is  produced,  which  is  a  sulphite 
of  ammoniay  and  which  consists  of  32  sulphurous  acid  +  17 
ammonia.  When  formed  by  saturating  liquid  ammonia  with 
sulphurous  acid,  it  crystallizes  in  four  and  six-sided  prisms, 
soluble  in  their  own  weight  of  water  and  having  an  acrid  taste. 
It  is  deliquescent,  and  becomes  a  sulphate  by  exposure  to  air. 

591.  Sulphuric  acid. — This  body  was  formerly  obtained  by 
the  distillation  of  green  vitriol,  and  called  oil  of  vitriol.  It  is 
now  procured,  in  this  country,  by  burning  a  mixture  of  about  8 
parts  of  sulphur  and  1  of  nitre  in  close  leaden  chambers  contain- 
ing water,  by  which  the  fumes  produced  are  absorbed,  and  by 
evaporation  the  acid  is  procured  in  a  more  concentrated  state. 
This  improved  method  of  preparing  sulphuric  acid  was  invent- 
ed by  Dr  Roebuck,  about  the  year  1746.:^     Sulphuric  acid  has 


*  Phil'  TruM.  1893,  p.  190.  t  S««  BotUn  Journal  tj"  PkUo»opkyt  toI.  ii.  3Sa. 

trarkof'  ChejHtcal  Ettay*^  vol. ii.— Brande*i  Prefatorji  HisUrff  of  CAcmM<ry,  vol  L  p. 39. 


SECT.  III.  Sulphuric  ^cid,  169 

been  known  ever  since  the  time  of  Basil  Valentine,  who  ap- 
pears to  have  discovered  it  about  the  close  of  the  15lh  century. 

592.  Sulphuric  acid,  as  usually  met  with,  is  a  limpid,  colour-  PropoitiM. 
less  fluid,  of  a  thick  and  oily  consistence,  having:  a  specific 
gravity  of  1,84;  it  boils  at  570°,  and  freezes  at — 15®,  contract- 
ing at  the  same  time  considerably  in  it^*  dimensions.  BiU  the 
temperature  at  which  the  diluted  acid  congeals  is  singularly 
modified  by  the  quantity  of  water  which  it  contains.  At  the 
specific  gravity  of  1,780  it  freezes  at  45** ;  but  if  the  density 

be  either  increased  or  diminished,  a  greater  cold  is  required  for 
its  congelation.*  Its  boiling  point  diminishes  with  its  dilution; 
acid  of  the  specific  gravity  of  1,78,  boils  at  435®,  and  acid  of 
the  specific  gravity  of  1,650  boils  at  350®.t 

It  is  acrid  and  caustic,  and  when  diluted  with  water,  produces 
a  very  sour  liquid.  When  mixed  suddenly  with  water,  (53) 
considerable  heat  is  produced.  Four  parts,  by  weight,  of  con- 
centrated sulphuric  acid,  and  one  of  water,  when  mixed  together, 
each  at  the  temperature  of  50®  Fahrenheit,  have  their  tempera- 
ture raised  to  300®.  The  greatest  elevation  of  temperature,  Dr 
Ure  finds  to  be  occasioned  by  the  sudden  mixture  of  73  parts 
by  weight  of  strong  sulphuric  acid  with  27  of  water.  This  rise 
of  temperature  takes  place  because  the  affinity  or  capacity  of  the 
compound  of  acid  and  water  for  caloric,  is  less  than  that  of  the 
acid  and  water  separately.  A  diminution  of  bulk  also  ensues ; 
one  measure  of  acid  and  one  of  water  not  occupying  the  space 
of  two  measures,  but  about  y^th  less.     H.  1.  384. 

593.  It  rapidly  absorbs  water  from  the  atmosphere.     Even  a  imb;b«mo». 
boilmg  temperature,  when  it  is  concentrated,  does  not  prevent  '"'*' 

its  taking  up  moisture  from  the  air;  hence  it  cannot  be  con-  ^ 

centrated  so  well  in  an  open  as  in  a  close  vessel,  on  y/JkU^YC: 
account,  retorts  of  glass  or  platinum,  are  used  for  the  last  sii^^fT  '. 
of  \\s  concentration  by  the  manufacturers. 

694  It  chars  animal  and  vegetable  substances,  and  is  apt  to 
acquire  a  brown  tinge  from  any  small  particles  of  straw,  resin, 
or  other  matters  that  may  accidentally  have  fallen  into  it. 

595.  In  sulphuric   acid    1   proportional  of  sulphur  3=  16,  is  CooipodtioD. 
combined    with   3   of  oxygen  =  24,    and,   consequently,  dry 
sulphuric  acid  is  correctly  represented   by  16 -f- 24  =40.     As 

it  usually  occurs,  it  may  be  called  hydraUd  sulphuric  acid. 
At  the  specific  gravity  of  1,848  it  contains  1  proportional  of 
dry  acid  s=  40,  and  1  of  water  =  9,  and  is  represented  by  the 
equivalent  49. 

596.  The  strength  of  sulphuric  acid  is  best  judged  of  by  satur-  Mcthrdofde- 
ating  a  known  quantity  with  an  alkali,  and  it  may  he  assumed  ^l^l^l^^^ 
as  sufficiently  correct,  that  100  grains  of  dry  sub-carbonate  of  «j>pharic 
soda  neutralize  92  grains  of  pure  liquid  sulphuric  acid  ;  or  that 

*  Keir,  Trith  PkU.  Trans,  iv.  88.  f  Dalton*g  Ckem.  Phil,  ii  404, 

^2 
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100  grains  of  the  acid  requires  108,  or  108,5  of  the  subcarbonate 

for  saturation.*     See  Alkalimetry. 
Effect  of  597.  Sulphurous  acid  gas  is  condensed  into  Sulphuric  acid  by 

*^"**       adnrtixture  with  chlorine  gas :  but  not  unless  the  gases  are  in  contact 

with  water.     In  the  latter  case,  the  hydrogen  of  the  water  unites 

with  the  chlorine,  and  the  oxygen  with  the  sulphurous  acid. 
Not  Aflbcted       598.  Dry  nitrous  acid  gas  is  also  inefficient  on  dry  sulphurous 
bydiynitrotti  ^^^^  .  j^y^  when  placed  in  contact  with  a  small  quantity  of  water, 

all  these  bodies  act  mutually  and  rapidly  on  each  other;  the 
nitrous  acid  gas  yields  a  portion  of  its  oxygen  to  the  sulphurous 
acid,  from  whence  result  nitrous  gas  and  sulphuric  acid,  which, 
both  combming  with  water,  form  white  flakes  upon  the  inside  of 
the  vessel.  These  flakes  are  made  up  of  congeries  of  small 
.  crystalline  needles.  Water,  brought  into  contact  with  these 
crystals,  dissolves  the  sulphuric  acid,  and  the  nitrous  gas  is 
liberated  with  eflervescence.  By  means,  therefore,  of  a  small 
quantity  of  nitrous  gas,  we  may  transform  a  large  quantity  of 
sulphurous  acid  into  sulphuric  acid,  provided  the  acid  gas  be 
mingled  with  half  its  volume  of  oxygen,  or  with  an  equivalent 
£i^  quantity  of  atmospheric  air.     The  phenomena  are  beautifully 

exhibited  by  admitting,  into  an  exhausted  and  dry  glass  balloon, 
first  30  measures  of  sulphurous  acid,  next  15  of  oxygen,  and 
then  5  of  nitrous  gas.  No  perceptible  change  takes  place,  till  a 
little  water  is  introduced,  sufficient  to  moisten  the  inside  of  the 
vessel,  when  the  small  quantity  of  red  nitrous  acid,  formed  on 
adding  the  nitrous  gas,  disappears,  and  composes  the  crystalline 
substance  already  described.  When  those  crystals  have  been 
deposited  on  the  inside  of  the  balloon,  and  a  small  quantity  more 
of  water  is  admitted,  there  is  an  immediate  eflervescence  from 
the  escape  of  nitrous  gas,  which,  meeting  with  oxygen  gas,  again 
becomes  nitrous  acid,  and  this,  acting  upon  the  sulphurous  acid, 
the  same  combinations  ensue  as  before,  and  may  be  repeated  as 
long  as  sufficient  sulphurous  acid  and  oxygen  remain. 
Theory  of  the  599.  It  is  by  a  series  of  operations  of  this  kind,  that  the  for^ 
Iiu|plmr?c  °^  mation  of  sulphuric  acid  is  effected  in  the  ordinary  process  for 
icid.  preparing  it.     The  nitric  acid,  present  in  the  salt-petre,  aban- 

dons part  of  its  oxygen  to  one  portion  of  the  sulphur,  which, 
becoming  sulphuric  acid,  unites  with  the  potassa  of  the  nitre. 
At  the  same  moment  nitrous  gas  is  set  at  liberty,  which,  with  the 
oxygen  present  in  the  air  of  the  chamber,  composes  nitrous  acid 
gas.     Another  portion  of  sulphur  is  converted  into  sulphurous 

acid,  which  becomes  sulphuric  acid  by  depriving  the  nitrous  acid 

I  '  ■  I. 

*  Mr  DaltoD  ha<  published  {J^few  System  of  Chemical  Philesopky^  vol.  ii.  p.  404,)  «  Table,  ezbib* 
itinx  the  ipeetfie  gravity  aod  boiling  point  of  the  aeid  of  various  dtrengths.f    Bee  Appendix. 

Dr  Vn  abo  hat  given  wveral  vaJuable  table*  relating  to  thia  iul^«ct,  in  hia  Exparinmts  to  deters 
mine  the  Law  of  Progre9non%foUoved  •«  the  Deneitjf  of  Snlphurie  Aeid  at  different  De frees  of 
Dilution'  iQvarterly  Journal  of  Seienee  and  the  Arte^  vol-  iv.  p.  114  )  An  extremely  uaefol  tabh 
of  thia  kind  wiO  also  be  fonod  in  Mi  Parkes'a  Eaovge  above  quoted  (vol.  ii.  p.  444.) 

t  It  is  sometimes  of  importance  to  the  chemical  artist  to  know  the  proportioa  not  of  real  acidy  hut 
of  acid  ofeommereej  in  dilated  sulphuric  aeid  of  different  spceille  gravities.  An  approximation  to  the 
true  proportion  may  be  obtained,  by  increasing  the  numbers  indicating  the  real  acid,  one  fonrth  For 
example,  acid  of  the  spociflc  gravity  l,flOO,  contains  (according  to  the  tebleof  Mr  I>ailon)  SO  per  oept. 
of  nftl  Mid|  which  incrtMed  om  fovth,  givea  25  p«r  cent,  of  acid,  of  sp.  gr.  1, 649.    H. 
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of  oxygen,  the  latter  acid  being  brought  back  to  the  state  of  nitrous 
gas.  This  gas,  absorbing  the  atmospheric  oxygen,  again  becomes 
nitrous  acid,  which  changes  a  fresh  portion  of  sulphurous  into  sul'- 
phuric  acid.  This  theory  was  first  suggested  by  M.  M.  Clement 
and  Desormes.  It  has  since  been  modified  by  Gay-Lussac,  who 
supposes  that  nitrous  acid,  and  not  nitrous  gas,  is  disengaged 
from  nitrate  of  potassa.  But  even  if  this  be  admitted,  the  sub- 
sequent steps  of  the  process  are  still  explicable  on  the  original 
theory,  which  satisfactorily  explains  why  so  small  a  proportion  of 
nitre  as  one  eighth  is  adequate  to  the  conversion  of  sulphur  into 
sulphuric  acid,  though,  capable  of  supplying  only  a  very  small 
share  of  the  oxygen  essential  to  this  change.*     H.  1.  386. 

*  Tho  forauition  of  sttkpbaric  acid  by  Man  cvuibuMioa  of  lulphor  and  nitre  hat  been  illustrated  by 
Jir  Bnuida  as  tbUowe. 
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'  eirery  tee  portione  of  snlpbnroos  add  reqnire  one  of  nitrous  acid,  which  transfers  tee  of  vxft 
gefli  and  p«4ses  back  into  the  state  of  nitric  oxide,  snlpfanrie  acid  beiqg,  at  the  same  tisM,  prodncei. 

The  f  aseS|  therefore,  before  decomposition,  may  be  thus  repreeented : 
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And  after  decoropos*tJnn  as  follows : 
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600.  The  decomposition  of  sulphuric  acid  may  be  effected  by 
passing  it  through  a  red*hot  platinum  tube,  when  it  is  resolved 
into  sulphurous  acid,  oxygen  and  water. 

When  heated  with  charcoal,  sulphuric  acid  gives  rise  to  the 
production  of  carbonic  and  sulphurous  acids ;  with  phosphorus  it 
produces  phosphoric  and  sulphurous  acids  ;  and,  with  sulphur, 
sulphurous  acid  is  the  only  product.  It  is  decomposed  by 
several  of  the  metals,  which  become  oxidized,  and  evolve  suU 
phurous  acid,  as  shown  in  the  production  of  this  acid,  by  boiling 
sulphuric  acid  with  mercury  (577),  tin,  lead,  Sfc. 

601.  The  liquid  acid  is  also  decompiosed   by  platinum  wires, 
byjaWtriifm.  communicating  with  the  extremities  of  a  galvanic  pile.     At  the 

end  of  tlie  negative  wire,  flocculi  of  sulphur  appear,  and  at  the 
positive  end  oxygen  gas  is  evolved ;  and  a  brownish  tint  is  pro* 
duced  by  the  formation,  doubtless,  of  sulphate  o<f  platinum.   (H.) 

602.  Sulphuric  acid  is  largely  consumed  inya  variety  of  man- 
ufactures. It  is  used  by  the  makers  of  nitric,  muriatic,  citric, 
and  tartaric  acids ;  by  bleachers,  dyers,  tin-plate  makers,  brass- 
founders  and  gilders  For  these  purposes  it  is  generally  suffi- 
ciently pure  as  it  comes  from  the  wholesale  manufacturer;  but, 
as  traces  of  lead,  lime,  and  potassa,  are  usually  found  in  it,  it 
often  requires  to  be  purified  by  distillation  for  the  use  of  the 
experimental  chemist.^ 

If  the  acid  of  r*ommerce  contain  dissolved  sulphate  of  lead,  it 
becomes  turbid  on  dilution,  so  that  its  remaining  clear  w.hen 
mixed  with  water,  is  some  proof  of  its  purity,  as  far  at  least  as 
lead  is  concerned. 

The  distillation  of  this  acid  in  glass  retorts  requires  some  pre- 
caution, in  consequence  of  the  violent  jerks  which  the  produc- 
tion of  its  vapour  occasions,  and  which  often  break  the  vessel ; 
this  may  be  prevented  by  putting  some  strips  of  platinum  into 
the  acid  (152);  it  then  boils  quietly,  and  it  is  only  necessary 
to  take  care  that  the  neck  of  the  retort  and  the  receiver  are  not 
broken  in  consequence  of  the  high  temperature  of  the  condens- 
ing acid. 

To  purify  sulphuric  acid,  it  must  be  distilled  in  a  glass  retort, 
placed  in  the  sand-bed  of  a  reverberatory  furnace.  This  process 
requires  considerable  care.  But  to  those  who  have  sufficient 
experience  in  chemical  operations,  the  instructions  below  may 
be  useful ;  especially  as  it  is  indispensable,  in  all  experiments  of 
research,  to  employ  an  acid  purified  by  distillation.! 
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*  B J  eT«porating  100  parts  of  sulphuric  acid  of  conunofce  in  a  platinam  dishi  Dr  Uro  obtained  fiom 
one  bair  to  three  quarteri  of  a  grain  of  solid  matter,  coniieting  of  about  two  pails  of  aolpbate  of 
potoasa  and  nno  o  lulphate  of  lead  BerzelitM  has  foond  a  minute  quantity  of  titaniom  in  solphoric 
acid  of  Enghsh  manufacture;  and  tellnrium  in  acid  prepared  at  Stockbobn.*  Beleiiium,  alao,  baa 
been  met  with  in  sulphuric  arid  prepared  from  pyrites.    H.  1.  SSflk 

«  Thomson's  .4iifial«,  z.  464. 

t  Thi'  fiimaoo  in  which  this  process  is  eondncted,  should  have  a  contrivance  ibr  supporting  a  sand- 
bath  within  it  at  a  proper  height ;  and  an  opening  in  the  side,  for  transmitting  the  neck  of  the  ratort. 
The  retort  must  be  coated  with  clay  and  sand  over  its  whole  body,  and  also  over  that  part  of  the  neck 
which  is  ozposod  to  the  fire.    It  u  then  to  bo  placed,  the  coating  being  previously  dry,  in  the  sand- 
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603.  Sulphuric  acid  may  be  less  perfectly  purified  by  dilut- 
ing it  with  an  equal  weight  of  water,  allowing  the  impurities 
to  settle*  decantino:  the  clear  liquor  and  evaporating  it  to  the 
proper  des:ree  in  a  glass  retort. 

604.  Besides  the  sulphuric  acid  already  described,  there  is  Giadaiaui- 
another  kind,  called  from  the  place  where  it  has  been  long  ^  ""'^*^* 
manufactured,  the  Sulphuric  acid  of  Nordhausen,     It  is  pre- 
pared by  distilling  tite  proto-sulphate  of  iron,  and  is  much  used 

in  dissolving  indigo.  It  has  been  investigated  by  Dr  Thomson* 
and  Mr  Bussy.t  Its  colour  is  always  dark,  and  it  is  opaque. 
Its  specific  gravity  is  1,8[>6.  When  exposed  to  the  air,  it 
smokes  in  consequence  of  its  avidity  for  moisture.  It  boils  at 
a  temperature  between  104°  and  122°  F.  When  heated  in  a 
glass  retort,  to  which  a  receiver  is  lutpd  surrounded  by  a  mix* 
ture  of  snow  and  salt,  one  half  of  the  acid  passes  over  in  a  solid 
state, .  forming  a  snow-wh'te  acid  which  resembles  asbestus. 
This  is  anhydrous  sulphuric  acidy  or  real  sulphuric  acid  free 
from  water.  In  the  retort  there  remains  a  liquid  acid  consisting 
pf  1  atom  of  acid  and  1  atom  of  water,  and  agreeing,  therefore 
with  common  oil  of  vitriol.  , 

Anhydrous  sulphuric  acid  smokes  strongly  on  exposure  (o 
the  air,  and  is  dissipated  so  speedily  that  it  cannot  be  weighed. 
Dr  Thomson  has  obtained  it  crystallized  in  flat  rhomboidS| 
quite  transparent.  It  liquefies  at  about  66°  F.,  and  is  then 
more  fluid  than  common  sulphuric  acid,  and  has  a  high  refractive 
power.     At  that  temperature  it  has  the  specific  gravity  of  1,97. 

When  the  solid  acid  is  dropped  into  water,  it  combines  with 
that  liquid  so  violently  as  to  make  a  noise  resembling  the 
quenching  of  a  bar  of  red-hot  iron.  In  the  proportion  of  3 
atoms  to  1  atom  of  water,  it  constitutes  the  Nordhausen  acid, 
the  atomic  weight  of  which  is  therefore  80  -f  9  s=  89.  H. 
1.  d9I.t 


b«th,  about  on*  half  filled  with  •ulpburie  aeid ;  tod  a  receiver  most  bo  applied,  bat  not  hited  on.  Tho 
fire  must  dow  be  lighted,  and  raised  with  extreme  caution.  The  first  portion  that  comes  overt  amount* 
tng  to  about  one  sixth,  consists  chieflj  of  water,  and  may  be  rejected.  This  is  followed  by  the  con* 
ceDtratwl  acid  ;  and,  at  this  period,  diere  is  great  risk  that  the  neck  of  the  retort  will  be  broken,  by  th* 
contaM  of  the  coodeoied  acid,  which  has  a  Tery  high  temperatare,  and  which  frequently  cracks  th» 
glass,  oa  efifectoaUy  as  the  application  of  a  red-hot  iron.  The  fiiat  must  bo  regulated  by  the  register 
door  of  the  ash  pit,  so  that  several  seconds  may  elapee  between  the  fall  of  the  drops  into  the  receiver. 
l%e  process  may  be  continued  as  long  as  any  acid  is  condensed.  Ilie  retorts  onployod  for  thie 
purpose,  should  be  most  attentively  annealed. 

The  difficulty  of  rectifying  sulphuric  acid  b  much  diminished  by  using  a  retort  of  the  capacity  of 
from  two  to  four  quarts,  when  a  pint  of  the  acid  is  employed,  and  by  connecting  its  neck  with  the 
receiver  by  means  of  an  adopter  three  or  four  foot  long.  The  retort  may  be  set  over  a  charcoal 
fire,  and  the  Aane  made  to  play  gently  on  its  bottom  No  luting  is  to  be  employed,  aad  the  receiver 
is  10  be  surroudM  with  cold  water.  With  this  artaagement,  and  a  cautious  regulation  of  the  heat, 
Dr  Ure  finds  that  sulphuric  acid  may  bo  distilled  without  much  risk*  in  a  continuous  gentle  stream. 

*  S^aUm  of  Clumistry,  0th  edit.  ii.  113  and  First  PrindpUa^  u  214. 

t  Ann.  of  Philoo.  N.  S.  viii.  SS9. 

I  tt  has  long  been  an  object  with  the  manufacturer  to  obtain  sulphuric  aeid  without  the  aid  of  nitre, 
aad  a  patent  has  been  obtained  foe  a  procossof  this  kind,  invented  by  Kr  Bill-  It  consists  in  submit- 
ting coarsely-powdered  iron  pyrites  (sulplmrot  of  iron,)  to  a  red  heat,  in  cylinders  communicating 
with  a  leaden  chamber  containing  water;  the  Milpliui,  as  it  bums  out  of  the  pyrites,  appears  at  once 
to  paai  into  the  state  of  sulphuric  acid. 


1T4  Hypo-Sulphuric  JScid.  chap.  nf< 

605.  Native  Sulphuric  n^cid  has  been  found  by  Professor 
fialdassai'i,  in  the  cavities  of  a  small  volcanic  hill,  called  Zoco- 
lino,  near  Sienna,  and  by  M.  Humboldt  in  the  water  of  the 
river  Vinagre  in  the  Andes  of  Popayan.*  , 

Hypo-ftti-  606.  0/  Hypo-sulphurous  Acid  — This  acid  exists  only  in 

phttioiuBcid.  combinaiion  with  salifiable  bases,  forming  compounds  which 
were  first  examined  in  1813  by  Gay-Lussac,  and  were  called  by 
him  sulphuretted  sulphites.  Besides  other  methods  of  prepar- 
ing these  salts,  he  found  that  they  might  be  obtained  by  digesting 
the  solution  of  a  sulphite  with  sulphur,  an  additional  quantity 
of  which  might  thus  be  made  to  combine  with  the  sulphurous 
acid.  It  had  also  been  long  ago  observed  by  Mr  Higgins  of 
Dublin,  that  liquid  sulphurous  acid  dissolves  iron  without  effer- 
vescence ;  and  Berthollet  afterwards  showed  that  in  this  case 
th^  iron  is  oxidized  at  the  expense  of  the  sulphurous  acid,  and 
that  sulphur  is  disengaged,  which  immediately  unites  with  the 
sulphite  of  iron,  forming  a  sulphuretted  sulphite.  Dr  Thomson 
appears  to  have  been  the  first  who  took  a  just  view  of  these 
phenomena.  The  new  compound  he  found  to  be  a  neutral  salt, 
containing  a  peculiar  acid  of  sulphur,  to  which  he  gave  the 
name  of  hypo-sulphurous  acidy  and  to  its  compounds  that  of 
hypo-sulphites.  These  compounds  have  been  since  examined 
with  i^reat  ability  by  Mr  Herschell,  who  has  not,  however, 
succeeded  completely  in  his  attempt  to  exhibit  the  acid  in  a 
separate  state ;  nor  indeed  does  it  appear  capable  of  existing 
permanently  when  uncombined  with  a  base.  Fr^m  the  expe« 
riments  of  Dr  Thomson  and  Mr  Herschell,  it  may  be  inferred 
tomiKMitioa.  to  be  a  compound  of  1  atom  of  sulphur  +  1  atom  of  oxygen, 

and  its  representative  number  will  be  16  +  8  s  24. 
HypoMi-  607.  Hypo-sulphuric  n^cid, — This  acid  was  discovered  by 

ytauneoci .  ^^^^j.  ^^^  Gay-Lussac  in  1819.t  Their  process  for  forming  it 
consists  in  passing  a  current  of  sulphurous  acid  through  water, 
in  which  finely  powdered  peroxide  of  manganese  is  kept  me- 
chanically suspended.  There  is  immediately  produced  a  per- 
fectly neutral  solution  consisting  of  hypo-sulphate  and  common 
sulphate  of  manganese.^  When  the  solution  is  sufiiciently 
concentrated,  pure  baryta  is  added  to  the  previously  heated 
liquor,  and  agitated  along  with  it,  taking  care  to  employ  an 
excess  of  the  earth.  All  the  oxide  of  manganese  is  thus  sepa- 
rated ;  and,  sulphate  of  baryta  being  insoluble,  the  filtered  liquor 
contains  only  the  hypo-sulphate  and  also  the  redundant  portion 
of  that  earth.  The  latter  is  to  be  separated  by  a  stream  of  car- 
bonic acid,  and  subsequent  ebullition  to  expel  any  excess  of 
carbonic  acid.  The  hypo-sulphate  is  then  to  be  crystallized, 
dissolved  in  water  and  decomposed  by  just  the  quantity  of  sul- 
phuric acid,  which  is  required  to  precipitate  the  baryta.  The 
filtered  liquor  is  to  be  concentrated,  by  exposing  it  under  the 

*  See  BMUm  Jow.  of  PkiloM.  toI.  U-  p.  46 J.  t  ^nm  dM  CUm.  «t  de  Pk^a.  vol.  10. 

t  AcciiriliRg  to  M.  HutfroOi  the  temperalarn  tboold  be  low,  aad  the  largwt  portion  of  hypo-eolpLuiio 
acid  »  formed  at  the  cocopienceiseat  of  the  operation. 
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exhausted  receiver  of  an  air-pump*  along  with  a  vessel  of  sul- 
phuric acid,  till  it  has  attained  the  density  of  1,347.  If  con- 
tinued to  be  exposed,  it  is  resolved  into  sulphurous  acid  which 
exhales,  and  sulphuric  acid  which  remains  liquid. 

(»08.  Oxygen  gas,  atmospheric  air,  chlorine,  concentrated  Nnt acted ap& 
nitric  acid,  and  red  sulphate  of  manganese,  are  all  inert  on  it  at  Sc/*"'**"* 
common  temperatures.  Zinc  is  dissolved  by  it,  and  hydrogen 
gas  is  disengaged  by  the  decomposition  of  water,  and  there 
remains  in  solution  hypo-sulphuric  acid  combined  with  oxide  of 
zinc.  It  completely  saturates  salifiable  bases,  and  affords  neutral 
and  soluble  compounds  with  baryta,  strontia,  lime,  and  protoxide 
of  lead  ;  whereas  sulphuric  acid  yields  insoluble  compounds 
with  all  those  bases.  At  common  temperatures  these  salts  are 
permanent,  but,  when  healed,  sulphurous  acid  escapes,  and  they 
pass  to  the  state  of  sulphates,  which  are  still  neutral. 

609.  Hypo-sulphuric  acid  has  been  inferred  to  be  composed  CompoMtuw, 
of  100  parts  of  sulphur  -1-135  oxygen,  setting  apart  that  which 

is  in  the  water  essential  to  its  existence  ;  or  we  may  consider 
it  as  a  compound  of  100  parts  of  sulphurous  acid  -f-  125  of  sul- 
phuric.    H.  400. 

610.  Sulphuric  ^cid  and  •Ammonia — Sulphate  qf^^mmO'  Puipha*o<tf 
nia — may  be  obtained  by  passing  ammonia  into  sulphuric  acid  ;  ■"""^"**- 
but  it  is  usually  prepared  by  saturating  dilute  sulphuric  acid 

with  carbonate  of  ammonia^  or  by  decomposing  muriate  of 
ammonia  by  sulphuric  acid.  It  is  the  secret  sal-ammoniac 
of  some  old  writers.  This  salt  is  important  as  a  source  of  the 
muriate  of  ammonia,  (542)  which  is  obtained  by  sublimation 
from  a  mixture  of  common  salt  and  sulphate  of  ammonia ;  by 
this  process  sulphate  of  soda  is  also  formed. 

Sulphate  of  ammonia  dissolves  in  twice  its  weight  of  water  coropo«hion 
at  60^  or  in  an  equal  weight  of  boiling  water,  and  consists  of 
1  proportional  of  sulphuric  acid  =s  40  -f-  1  proportional  of  am- 
monia =  17  combined,  according  to  Dr  Thomson,  with  1  atom, 
and  according  to  Berzelius  with  2  atoms  of  water.  By  crys- 
tallization it  aifords  six-sided  prisms.  Its  taste  is  bitter  and 
pungent.  When  heated,  it  melts  and  in  part  sublimes,  ammo- 
nia is  given  off,  and  a  super-sulphate  remains,  consisting  of  2 
proportionals  of  acid  -f  1  of  alkali. 

611.  Native  Sulphate  of  Ammonia  is  sometimes  found  in 
volcanic  products;  it  occurs  in  stalactitic  concretions  of  a  whitish 
or  yellowish  colour,  and  covered  with  a  white  efflorescence. 

612.  Sulphur  and  Chlorine — Chloride  of  Sulphur, — This  cjiio'rideof 
compound  was  first  described  by  Dr  Thomson,  in  1804.*    When  '"**'**"'• 
sulphur  is  heated  in  chlorine,  it  absorbs  rather  more  than  twice 

its  weight  of  that  gas.  10  grains  of  sulphur  absorb  nearly  30 
cubic  inches  of  chlorine,  and  produce  a  greenish-yellow  liquid, 
consisting  of  16  sulphur 4-36,0  chlorine,  and  represented,  there- 
fore, by  the  number  52.     It  exhales  suffocating  and  irritating  ^ 

■— ^— — »— ^— .  I     ■  .— ^^»    III  -     I  -^— ^—  ■  I  I  I         «  I      ^m^—m-m  111  Ml 

^  tf  tcholioD'i  JoufTiaL  vol.  tK 


176 


Sulphuretted  Hydrogen, 


CHAP.  in. 


Sulphuretted 
hydto^n. 


ProceM  for 
obtainiDg. 


Abtorbed  by 
water. 


Liquefaction 
of  sulpburet- 
ted  liydrogeo. 


fumes  when  exposed  to  the  air.  Its  specific  gravity  i»  1,6.  It 
does  not  affect  dry  vegetable  blues ;  but  when  water  is  present, 
it  reddens  them,  but  not  till  by  its  action  on  the  water  or  on 
hydrogen,  muriatic  acid  has  been  produced  :  sulphur  is  deposit- 
ed, and  sulphurous  and  sulphuric  acids  are  formed.  It  dissolves 
sulphur  and  phosphorus."^ 

613.  Sulphur  and  Hydrogen — Sulphuretted  Hydrogen 
gas — Hydrothionic  acid. — This  gaseous  compound  of  sulphur 
and  hydrogen  was  first  investigated  by  Scheele  in  1777.  It 
may  be  obtained  by  presentin*^  sulphur  to  nascent  hydrogen, 
which  is  the  case  when  sulphuret  of  iron  is  acted  upon  by  dilute 
sulphuric  acid. 

The  sulphuret  of  iron  may  be  prepared  in  the  following  man- 
ner. A  bar  of  iron  is  to  be  heated  to  a  white  or  welding  heat 
in  a  smith's  forge,  and,  in  this  state,  is  to  be  rubbed  with  a  roll 
of  sulphur.  The  metal  and  sulphur  unite,  and  form  a  liquid 
compound,  which  falls  down  in  drops.  These  soon  congeal ; 
and  the  compound  must  be  preserved  in  a  well  closed  phial.t 
A  portion  of  this  may  be  introduced  into  a  retort  or  gas  bottle 
and  diluted  sulphuric  acid  poured  upon  it,  as  in  the  process  for 
obtaining  hydrogen  gas  (371). 

It  may  also  be  conveniently  obtained  by  heating  bruised  sul- ' 
phuret  of  antimony  in  muriatic  acid.  To  a  /nixture  of  powder- 
ed sulphuret  of  antimony  (crude  antimony  of  the  shops)  with 
5  or  6  times  its  weight  of  muriatic  acid  (sp.  gr.  1.  160  or  there- 
abouts) contained  in  a  retort  or  gas  bottle,  apply  the  heat  of  a 
lamp.  Sulphuretted  hydrogen  will  be  disengaged  in  great  abun- 
dance. 

614.  Sulphuretted  hydrogen  gas  maj^  be  collected  over  water, 
though,  by  agitation,  that  fluid  absorbs  nearly  thrice  its  bulk;  it 
should  be  received  into  bottles  provided  with  glass  stoppers, 
and  after  filling  them  entirely  with  the  gas,  the  stopper  should 
be  introduced. 

615.  Mr  Faraday  obtained  sulphuretted  hydrogen  in  a  liquid 
form  by  producing  it  under  pressure.  A  tube  being  bent,  and 
sealed  at  the  shorter  end,  strong  muriatic  acid  was  poured  in 
through  a  small  funnel,  so  as  nearly  to  fill  the  short  leg  without 
soiling  the  long  one.  A  piece  of  platinum  foil  was  then  crum- 
pled up  and  pushed  in,  and  upon  that  were  put  fragments  of 
sulphuret  of  iron,  until  the  tube  was  nearly  full.  In  this  way 
action  was  prevented  until  the  tube  was  sealed.  If  it  once  com- 
mences, it  is  almost  impossible  to  close  the  tube  in  a  manner 
sufficiently  strong,  because  of  the  presiding  out  of  the  gas. 
When  closed,  the  muriatic  acid  was  made  to  run  on  to  the  sul- 
phuret of  iron,  and  then  left  for  a  day  or  ttvo.  At  the  end  of 
that  time,  much  protomuriate  of  iron  had  formed,  and  on  plac- 


*  SulphxT  and  Iodine  mndily  unite  and  form  a  black  cry«talUe'ible  compou.id,  rcumbling  aulpbu* 
ret  of  aotiiuouy,  first  described  by  M  G«y-La^>iac  ^-^'Jnnaks  de  CkUhity  91. 

t  'The  sulphuret,  prepared  by  nieiiin*  iron  filiiigH  with  sulphur  in  a  crucible,  does  not  answer  Um 
purpose  equally  woi],  bccauiic  tbo  gas^viUidi  it  aiTords,  is  mixed  wilb  a  good  deol  of  bydrcgen  gas. 
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ing  the  clean  end  of  the  tube  in  a  mixture  af  iee  and  salt,  wai'm- 
ing  the  other  end  if  necessary ,  by  a  little  irater,  sulphuretted 
hydrofi^en  in  the  liquid  state  distilled  over. 

616.  Tlie  liquid  sulphuretted  hydrogen  was  colourless,  limpid,  proportiw. 
and  excessively  fluid.     It  did  not  mix  with  the  rest  of  the  fluid 

in  the  tube,  which  was  no  doubt  saturated,  but  remained  stand- 
ing on  it.  When  a  tube  containing  it  was  opened,  the  liquid 
immediately  rushed  into  vapour;  and  thiff  being  done  undet 
water,  and  the  vapour  collected  and  examined,  it  proved  to  be 
sulphuretted  hydrogen  gas.  As  the  temperature  of  a  tube  corf* 
taining  some  of  it  rose  from  0^  to  45^,  part  of  the  flaid  arose  iii 
vapour  and  its  bulk  diminished ;  but  there  was  no  other  change: 
it  did  not  seem  more  adhesive  at  (^  than  at  45^.  Its  refractive 
power  appeared  to  be  rather  greater  than  that  of  water:  it 
decidedly  surpassed  that  of  sulphurous  acid.  The  pressm*e  of 
its  vapour  was  nearly  equal  to  17  atmospheres  at  the  tempera* 
ture  of  50°  F.     Its  specific  gravity  appeared  to  be  0,d* 

617.  When  in  the  form  of  gas,  the  smell  of  sulpharetted  Prop«rtiet: 
hydrogen  is  extremely  offensive,  resembling  that  of  putrefying 

eggs,  or  of  the  washings  of  a  gun  barrel,  to  which  indeed  it 
imparts  their  offensive  odour.     It  esists  in  some  mineral  waters, 

618.  The  specific  gravity  of  sulphuretted  hydrogen  has  been  specifiegr^*^ 
variously  stated.     Sir  H.  Davy  states  the  weight  of  100  cubic  **^' 
inches  at  36,5  grains,  and  its  specific  gravity,  therefore,  at  1,1^6. 
Gay-Lussac  and  Thenard  determined  its  specific  gravity  td  b^ 
1,1912  by  experiment,  or  1,1768  by  calculation;  and  100  cubic 
inches,  according  to  the  first  of  these  two  numbers,  should 

weigh  36,33  grains.t  The  latest  attempt  to  ascertain  its  specific 
gravity,  is  that  of  Dr  Thomson,  the  result  of  which  was  1,1785, 
or,  more  correctly  he  conceives,  1,1805.  Hence  100  oubic 
inches  (bar.  30,  therm.  60^)  would  weigh  35,89  grains.  ^ 

119.  To  determine  its  composition,  we  have  only  to  subtract  Conpontioo. 
tne  specific  gravity  of  hydrogen  from  that  of  the  compound  gas, 
and  the  remainder  will  show  the  weight  of  the  sulphur.     Thus 

Sp.  grav.  of  •ulpliuretted  lijdfogen  gas 1,180 

— ^— —  bjdrogeD  gai 0,069 

1,111 

It  is  constituted,  therefore,  of  1  volume  of  the*  vapour  of  sul- 
phurs 1  atom  (1,111)-|-1  vol,  of  hydrogen  gas=  1  atom  (0,069). 
But  the  nambers  0,069  and  1,111  are  in  the  proportion  very 
nearly  of  1  to  16,  which  gives  exactly  the  same  relative  weight 
fer  the  ultimate  particle  of  sulphur,  as  that  deduced  from  the 
composition  of  sulphuric  acid.     H.  1.  446. 

680.  It  is  inflammable,  and  during  its  slow  combustion,  sul- 
phur is  deposited,  and  water  and  sulphurous  acid  formed.  It 
extinguishes  flame. 


•  Phil,  Tma.  1893,  p  192.  t  Ann.  d€  Chim.  81. 98. 
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621.  It  appears  to  be  one  of  the  most  unrespirable  of  all  the 
gases,  for  a  small  bird  died  immediately  in  air  containing  ^\^f  of 
its  ^volume  of  sulphuretted  hydrogen;  a  dog  perished  in  air 
mingled  with  ^^^  and  a  horse  in  air  containing  j^i^.  (Thenard, 
iii.  601). 

622.  It  tarnishes  silver,  mercury,  and  other  polished  metals, 
and  instantly  blackens  white  paint  and  solution  of  acetate  of 
lead.  By  direct  experiments,  Dr  Henry  has  found  that  one 
measure  of  this  gas,  mixed  with  20.000  measures  of  hydrogen, 
or  of  carhuretted  h>drogen,  or  common  air,  produces  a  sensible 
discoloration  of  white  lead,  or  of  oxide  of  bismuth,  mixed  with 
water,  and  spread  upon  a  piece  of  card. 

.  623.  Water,  saturated  with  this  gas,  reddens  infusion  of  vio- 
lets, in  this  respect  producing  the  effect  of  an  acid.  From  this 
and  other  properties,  some  of  the  German  chemists  have  pro- 
posed for  it  the  name  of  hydrothionic  acid  ;  and  Gay-Lussae 
has  given  it  the  very  objectionable  name  of  hydro-sulphuric 
acidy  a  term  which  would  be  much  more  properly  applied  to 
liquid  sulphuric  acid. 

624.  Sulphuretted  hydrogen,  both  in  the  state  of  a  gas  and 
of  watery  solution,  precipitates  most  metallic  solutions,  and  is 
hence  an  exceedingly  delicate  test  of  the  presence  of  most  of 
the  metals. 

625.  Water  impregnated  with  sulphuretted  hydrogen,  when 
exposed  to  the  atmosphere,  becomes  covered  with  a  pellicle  of 
sulphur.  Sulphur  is  even  deposited  when  the  water  is  kept  in 
well-closed  bottles.  • 

,  626.  Ou  the  addition  of  a  few  drops  of  nitric  or  nitrous  acid 
tQ  the  watery  solution  sulphur  is  instantly  precipitated.  In  this 
case^the  oxygen  of  the  acid  combines  with  the  hydrogen  of  the 
gas,  and  the  sulphur  is  separated.  The  gas  itself,  also,  is  de- 
composed when  transmitted  through  sulphuric,  nitric^  or  arsenic 
acids.*  * 

627.  Berzelius  has  found  that  when  a  few  drops  of  fuming 
nitric  acid  are  put  into  a  flask  filled  with  sulphuretted  hydrogen, 
the  hydrogen  is  oxidized  by  the  nitric  acid,  and  the  sulphur  is 
disengaged  in  a  solid  form.  If  the  flask  be  closed  by  the  finger, 
80  that  the  gas  which  becomes  heated  cannot  escape,  its  tempo- 
raiure  is  raised  so  much  as  to  produce  combustion  with  a  beauti- 
ful flame,  and  a  slight  detonation  which  forces  the  finger  from 
the  moulh  of  the  flask.  This  experiment  may  be  made  with 
safety  in  a  flask  containing  four  or  five  cubical  inches  of  gas. 

628.  When  one  volume  of  sulphuretted  hydrogen,  and  1,5 
of  oxygen  are  inflamed  in  a  detonating  tube,  I  volume  of  sul- 
phurous acid  is  produced,  and  water  is  formed.  Sulphuretted 
hydrogen  may  also  be  decomposed  by  the  Voltaic  flame,  in  the 
apparatus  shown  at  fi^.  43,  or  by  a  succession  of  electric  sparks, 
lis  volume  is  unchanged,  but  the  sulphur  is  thrown  down. 


*  Jour,  of  Science,  &c.  ii .  ISti. 
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629.  Chlorine,  bromine  and  iodine  decompose  sulphuretted  Decomposed 
hydrogen  ;  sulphur  is  deposited,  and  muriatic,  hydrobromic  and  broS^'Imi 
hydriodic  acids  are  formed.     It  is  also  decomposed  by  the  metal  »»^'~* 
potassium,  which  absorbs  the  sulphur  and  liberates  pure  hydro- 
gen when 'heated  in  the  gas. 

630.  When  sulphuretted  hyclrogen  is  mixed  with  its  volume  Deoompoied 
of  nitric  oxide  over  mercuiy,  a  diminution  of  bulk  ensues,  in  fi"i"!*'**' 
consequence  of  th^  production  of  water ;  sulphur  is  deposited 

and  nitrous  oxide  remains  in  the  vessel. 

631.  When  two  volumes  of  sulphuretted  hydrogen  are  mixed 
in  an  exhausted  balloon  with  one  of  sulphurous  acid,  they  mutu- 
ally decompose  each  other,  occasioning  the  production  of  water, 
and  the  deposition  of  sulphur;  if  the  gases  be  perfectly  dry,  the 
action  is  slow. 

632.  It  is  decomposed,  also,  when  long  kept  in  a  state  of 
mixture  with  atmospheric  air,  the  oxygen  of  which  combines 
with  the  hydrogen,  and  forms  water,  while  the  sulphur  is  pre- 
cipitated. 

633.  Sulphuretted  hydrogen  is  copiously  absorbed  by  alka-  AiMorbedby 
lies,  and  by  all  the  earths  excepting  alumina  and  zirconia.     This  Jarthe?  *° 
property  affords  a  ready  method  of  ascertaining  its  purity,  for 

if  it  be  agitated  with  a  solution  of  potassa,  in  the  apparatus  fig.  pi-^* 
f04  or  105,  the  unabsorbed  residue  will  show  the  amount  of  the 
impurity,  which  is  commonly  h3-drogen  gas.     Its  alkaline  and 
earthy  combinations  are  termed  hydro-yulphurets,     H.  1.  444. 

634.  Sulphuretted  hydrogen  and  ammonia  readily  unite  in  Hydromipira- 
equal  volumes,  and  proi\\icehydrosulphifret  of  ammonia.     At  nia. 

first  whiljB  fumes  appear,  which  become  yellow,  and  a  yellow 
crystallized  compound  results,  consisting  of  17  sulphuretted  . 
hydrogen  -(-17  ammonia.  It  is  of  much  use  as  a  test  for  the 
metals,  and  may  be  procured  by  distilling  at  nearly  a  red  heat, 
a  mixture  of  6  parts  of  slacked  lime,  2  of  muriate  of  ammonia, 
and  I  of  sulphur. 

635.  Fig.  lOS,  represents  the  disposition  of  the  apparatus  Hj^obuin- 
for  this  process  :    a,  a  small  furnace ;    6,  a  tubulated  earthen 

retort  containing  the  above  materials  ;  c,  an  adapting  tube ;  e,  ^i-  ^• 
a  glass  balloon  for  condensing  the  vapour ;  f^  a  receiver ;  ^ , 
a  bottle  of  water,  into  which   the  glass  tube,  issuing  from  the 
upper  part  of  the  receiver,  «,  is  made  to  dip  about  half  an 
inch. 

The  product  in  the  bottleymay  be  mixed  with  the  water  in^, 
and  the  whole  used  for  washing  out  the  receiver  e.  In  its  con- 
centrated state,  this  compound  exhales  white  fumes,  as  was  first 
remarked  by  Boyle,  whence  it  was  termed  Boyle^s  Fuming 
Liquor  J  or  Volatile  Liver  of  Sulphur,  It  is  a  deep  yellow 
liquid,  smelling  like  a  mixture  of  sulphuretted  hydrogen  and 
ammonia. 

When  kept  in  common  white  glass  vessels  it  renders  them 
brown  or  black,  in  consequence  of  its  action  on  the  oxide  of  lead 
which  the  glass  contains. 
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Theory.  The  hydro-sulphiinc  acid,  which,  according  to  Thedard,  com- 

poses the  liquor  of  Boyle,  can  only  have  been  produced  at  the 
expense  of  the  hydrogen  of  the  muriatic  acid  of  the  sal-ammoniac. 
The  muriatic  acid  and  one  portion  of  lime  (oxide  of  calcium) 
are  decomposed ;  the  sulphur  making  a  part  of  the  mixture, 
unites  in  part  to  the  hydrogen  of  the  acid  to  form  hydro-sul- 
phuric acid,  which  combines  with  the  ammonia;  and  in  part  to 
the  oxygen  of  the  oxide  of  calcium,  to  give  rise  to  the  sulphu- 
rous or  sulphuric  acid  ;  the  chlorine  and  calcium  unite  and 
constitute  the  larger  part  of  the  residuum  :  while  another  por- 
tion of  the  sulphur  combines  with  the  lime  that  is  Qot  decom- 
posed and  transforms  it  iriio  sulphuret  of  lime.     ^ 

The  smokins:  takes  place  in  oxygen  ^as  or  atmospheric  air, 
but  not  in  nitrogen  or  hydrogen;  the  effect  probably  depending, 
therefore,  on  tiie  combination  of  oxygen  with  the  hydrogen  of 
the  liquor,  causing  a  deposition  of  sulphur.     Th.  ii.  662. 

BopeMui-         636.  Super-Sulphuretted  Hydrogen. — This  com|)Ound  was 

£«roBL^^^  discovered  by  Scheele,  and  afterwards  examined  by  Berthollet.* 
It  is  obtained  when  hydro-sulphuret  of  potassa  (formed  by  boil- 
ing the  flowers  of  sulphur  with  liquid  potassa)  is  poured,  by 
little  and  little,  into  muriatic  acid.  A  very  small  po|tion  only 
of  gas  escapes  ;  and  while  the  greater  part  of  the  sulphur  sepa- 
rates, one  portion  of  it  combines  with  the  sulphurettted  hydro-* 
gen ;  assumes  the  appearance  of  an  oil ;  and  is  deposited  at  the 
bottom  of  the  vessel.  Or,  dissolve  sulphur  in  a  boiling  solution 
of  pure  potassa;  and  into  a  phial  containing  about  ^d  its  capacity 
of  muriatic  acid,  of  the  specific  gravity  1,07,  pour  about  an 
equal  bulk  of  the  liquid  compound.  Cork  the  phial,  and  shake 
it ;  the  hydroguretted  sulphur,  gradually  settles  to  the  bottom 
in  the  form  of  a  brown,  viscid,  semifluid  mass.  Its  properties 
are  the  following: 

Propertiw.  637.  Its  taste  and  smell  resemble  those  of  putrid  e)^s,  but  are 
less  ofiensive.  Its  precise  specific  gravity  is  unknown,  but  it  is 
heavier  than  water,  and  descends  through  it.  It  is  inflammable 
and  burns  in  the  air  with  a  smell  of  sulphurous  acid. 

If  gently  heated,  sulphuretted  hydrogen  gas  exhales  from 
it ;  the  bi-sulphuret  loses  its  fluidity;  and  a  residue  is  left,  con- 
sisting merely  of  sulphur. 

It  combines  with  alkalies  and  earths;  and  forms  with  them 
a  class  of  substances  called  hydroguretted  suiphurets. 

Composition.  638.  It  is  constituted  accprding  to  Mr  Dalton,  of  two  atoms 
of  sulphur  =  32,  with  one  atom  of  hydrogen,  and  is  represented 
by  the  number  33.     It  consists  per  cent,  of 

Sulphur 96.75 

Hydrogen     3.25 

WO. 

639.  There  are,  therefore,  three  distinct  combinations  of  sul- 
phur and  its  compounds  with  alkalies  and  earths.     The  first 

■  ■  I  ■* 

*  jSmm"  de  Ckim*  torn*  nv. 
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consist,  simply,  of  sulphur,  uoited  with  a  base,  and  are  properly 
called  sulphurtts.  The  second  are  composed  of  sulphuretted 
hydrog:en,  united  with  a  hase,  and  are  called  hydro-sulphureis. 
The  third  contain  bi-sulphuretted  hydrogen,  attached  to  a  base, 
and  constitute  hydroguretled  sulphurtts. 

640.  The  hydroguretted  sulphurcts  may  be  also  formed  by 
boiling  along  with  a  sufficient  quantity  of  water,  the  alkaline 
or  earthy  base,  with  flowers  of  sulphur.  Or  by  di^cestin.^,  in 
a  gentle  heat,  a  hydro-sulpburct  with  powdered  sulphur,  an 
additional  portion  of  which  is  thus  dissolved,  while  part  of  the 
sulphuretted  hydrogen  escapes. 

641.  Hydroguretted  sulphurets  have  a  deep  greenish  yellow 
colour;  an  acrid,  bitter  taste  ;  and  excessively  offensive  smelL 
They  deposite  sulphur  when  kept  in  close  vessels ;  become 
more  transparent  and  lighter  coloured  ;  and  less  offensive  to  the 
smell.  They  rapidly  absorb  oxygen  from  the  atmosphere,  and 
are  hence  employed  in  eudiometry. 

They  are  decomposed  by  dilute  sulphuric,  muriatic  and  cer- 
tain other  acids,  sulphuretted  hydrogen  gas  is  evolved,  and 
sulphur  precipitated.     H.  1.  447.* 


Section  IV.     Phosphorus. 

642.  Phosphorus  was  discovered  about  the  year  1669,  by  Timeofdii- 
Brandt,  an  alchemist  of  Hamburg,  while  employed  in  the  re-  *^°'*"^- 
search  after  the  art  of  converting  the  baser  metals  into  gold  and 
silver;  and  afterwards  by  Kunckel,  a  German  chemist.  It  was 
originally  prepared  from  urine ;  but  Scheele  afterwards  describ- 
ed a  method  of  obtaining  it  from  bones.  In  1769  Gahn,  of 
Sweden,  having  discovered  the  phosphoric  acid  in  bones, 
invented  the  method  of  preparing  phosphorus  which  is  now 
generally  followed. 

643.  The  object  of  the  process  is  to  bring  phosphoric  acid  in  Method  of 
contact  with  charcoal  at  a  strong  red  heat.  The  charcoal  takes  p^puuv- 
oxygen  from  the  phosphoric  acid  ;  carbonic  acid  is  disengaged, 

and.  phosphorus  is  set  free. 

When  bones  are  employed  they  should  first  be  ignited  in 
an  open  fire  till  they  become  quite  white,  so  as  to  destroy  all 
the  animal  matter  they  contain,  and  oxidize  the  carbon  proceed- 
ing from  its  decomposition.  The  calcined  bones,  of  which 
phosphate  of  lime  constitutes  nearly  four  fifths,  should  be  re- 
duced to  fine  powder,  and  be  digested  for  a  day  or  two  with 
half  their  weight  of  concentrated  sulphuric  acid,  so  much  water 
being  added  to  the  mixture  as  to  give  it  the  consistence  of  a 
thin  paste.     The  phosphate  of  lime  is  decomposed  by  the  sul- 


*  SnipkMT  mtd  M'itrtfen  do  not  fonii  any  definite  compound)  Uioogh  the  nitrogen  erolred  daring 
iht  d«eM:i]NMitioo  of  certain  animal  subttanc««,  oAen  leemf  to  cootaiu  sulphur. 


H.r. 
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phuric  acid,  and  tivo  new  salts  are  generated,  the  insoluble 
sulphate,  and  the  soluble  bi-phosphate  of  lime.  On  the  addition 
of  boiling  water  the  bi-phosphate  is  dissolved,  and  ny»y  be 
separated  by  filtration  from  the  sulphate  of  lime.  The  solution 
is  then  evaporated  to  the  thickness  of  syrup  and  mixed  with 
one  fourth  of  its  weight  of  charcoal  in  powder.  This  mixture 
is  put  into  the  coated  earthen  retort,  fig.  109  a,  placed  in  a 
small  portable  furnace  b  ;  the  tube  of  the  retort  should  be  im- 
mersed about  half  an  inch  into  the  basin  of  water  c.  A  great 
quantity  of  gas  escnpes,  some  of  which  is  spontaneously  inflam- 
mable, and  when  the  retort  has  obtained  a  bright  red  heat,  a 
substance  looking  like  wax,  of  a  reddish  colour  passes  over  : 
this,  which  is  impure  phosphorus  may  be  rendered  pure  by 
melting  it  under  warm  water,  and  squeezing  it  through  a  piece 
of  fitu:  shamois  leather :  but  great  care  must  be  taken  that  none 
adheres  to  the  nails  or  fingers,  which  would  inflame  on  taking 
them  out  of  the  water,  and  produce  a  painful  and  troublesome 
burn.  It  is  usually  formed  into  sticks,  by  pouring  it,  when 
fluid,  into  a  funnel  tube  under  water. 

Aoothorpro.  Piiosphorus  may  also  be  procured  by  adding  to  urine  a  solu- 
tion of  lead  in  nitric  acid,  which  precipitates  a  phosphate  of 
lead.  This,  when  well  washed,  dried,  and  distilled  in  a  stone- 
w.ire  retort,  yields  phosphorus.  Or  a  solution  of  phosphate  of 
soda  (which  may  be  bought  at  the  druggists),  mixed  with  one 
of  acetate  of  lead,  in  the  proportion  of  one  part  of  the  former 
salt  to  \\  of  the  latter,  yields  a  precipitate  of  phosphate  of  lead, 
from  which  phosphorus  may  be  procured  by  distillation  with 
charcoal,  but  at  considerable  more  expense.     H.  1.  377.* 

Properties.  644.  Phosphorus  has  generally  a  flesh-red  colour,  but  when 

carefully  purified,  may  be  obtained  colourless,  and  transparent. 
Its  specific  gravity  is  1,77.  In  consequence  of  its  inflamma- 
bility it  must  be  kept  underwater  in  well  closed  bottles.  It  is 
so  soft  that  it  readily  yields  to  the  knife. 

Fojring point.  It  mclls  at  about  109°  or  110°  F.  and  boils  at  500°.  When 
melted  it  must  be  covered  with  water,  in  order  to  prevent  it 
from  inflaming.  Exposed  to  a  heat  of  between  140°  and  160° 
F.,  and  suddenly  cooled,  it  becomes  black  ;  but  if  slowly  con- 
gealed, it  remains  transparent  and  colourless  ;  when  cooled  at  a 

Mayb«cry»-  moderate  rate,  it  assumes  the  semi-transparency  of  horn.t  By 
the  fusion  and  careful  refrigeration  of  a  large  quantity  of  phos- 
phorus M.  Frantween  has  obtained  fine  crystals  of  an  octoedral 
form  \X  ^^^^  ^^-  Bcllani  has  found  that  it  Remains  fluid,  even 
many  days,  when  in  tranquillity,  at  the  temperature  of  54°  F. 

*  In  pr^rfurniiug  thii  d'Mtiliaiioi),  a  hl§;h  lemperuture  it  requirotl,  «o  that  the  furnace  sbculd  be 
■ulTirien'Jy  capacious  to  \\o\A  u  body  of  charouaJ  pilud  up  above  tlio  retort,  wkich,  a«  eartjien  ware 
bi'conir'B  portneubio  to  the  vapour  of  pho8phoru8  at  a  red  huat,  muit  b«i  coated  with  u  mixture  of 
aluii  ti  !iinc  and  Moluiiun  of  borHx  ;  this  niixtuie  may  be  luid  on  with  a  b*u»b,  in  two  or  diroe  aaccee* 
liivc  cuau.  and  furniii  an  cz<  elieut  vUriJiallc  late. 

t  Ac  ording  to  Thonard,  it  is  not  all  plios)  horus  that  exhibits  tlicse  propurtlcs,  but  only  that  which 
hosund-'igono  mpc3tw>d  diftinaliens. —7  raii<i  de  CAtm.  1.  212. 

X  Quart.  J»ur  N.  S-  iii.  206. 
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and  may  be  even  cooled  down  to  37^ :  but  as  soon  as  it  has 
acquired  the  lowest  temperature  which  it  can  bear  without 
soiidifjinpry  the  moment  it  is  touched  with  a  body  at  the  same 
temperature,  it  solidifies  so  quickly  that  the  touching  body 
cannot  penetrate  its  mass.* 

At  550^  it  boils,  air  being  excluded,  and  rapidly  evaporates. 
When  exposed  to  air,  it  exhales  luminous  fumes,  having  a  pecu- 
liar alliaceous  odour;  it  is  tasteless  and  insoluble  in  water,  but 
proves  poisonous  when  taken  into  the  stomach.t 

645.  If  a  cylinder  of  phosphorus  be  introduced  into  a  vessel  of  E.<p. 
oxygen  gas,  over  mercury,  at  a  temperature  not  exceeding  80°  Absorbs  oxy 
F.,  no  perceptible  absorption  will  happen  in  24  hours;  but  if,  **"• 

the  temperature  remaining  the  same,  the  pressure  be  diminished 
to  |th  or  /jth  that  of  the  atmosphere,  the  phosphorus  will  be 
surrounded  by  white  vapours,  will  become  luminous  in  the  dark, 
and  will  absorb  oxygen.  Under  ordinary  pressures,  a  higher 
temperature  is  required  to  produce  this  effect ;  but  it  is  remarka* 
ble,  that  if  the  density  of  the  oxygen  be  reduced  in  the  above 
proportion,  by  mixing  it  with  azote,  hydrogen,  or  carbonic  acid, 
the  phosphorus  becomes  luminous.  Ilence  phosphorus  absorbs 
oxygen  from  atiriospheric  air  with  an  extrication  of  light.  H, 
1.  368. 

646.  Phosphorus  is  inflamed  by  the  application  of  a  very 
gentle  heat.  According  to  Dr  Higgins,  a  temperature  of  60° 
is  sufficient  to  set  it  on  fire,  when  properly  dry.  It  burns 
when  healed  to  about  148°,  (100°  Brande)  with  a  very  bril- 
liant light,  or  a  white  smoke,  and  a  suffocating  smell,  and  may 
even  be  inflamed  in  an  atmosphere  rarefied  sixty  times.  ( Van 
Marum,) 

It  may  be  set  on  fire  by  frtctiofi.     Rub  a  tf ry  umall  bit  befwe en  two  pieces  Exp. 
of  brown  paper ;  (he  pho»phoruf>  will  inflame,  and  will  »et  the  paper  on  fire  al^o. 

In  oxygen  gas  it  burns  with  a  very  beautiful  light;  (292)  and  Exp. 
also  m  nitrous  oxide,  and  chlorine  gases.  The  product  of  the 
rapid  combustion  of  phosphorus  in  oxygen  gas  is  exclusively 
phosphoric  acid.  Every  100  parts,  according  to  Lavoisier,  gain 
an  addition  of  154;  according  to  Davy  100  grains  of  phosphorus 
condense  135  grains  of  oxygen  gas.  It  is  probable  that  the 
true  proportions  are  100  of  phosphorus  to  133 J  oxygen,  and  that 
the  atomic  weight  of  phosphorus  is  12.     H.  1.  371. 

In  pure  nitrogen,  phosphorus  is  not  the  least  luminous  at  any 
temperature. 

647.  If,  instead  of  burning  phosphorus  vvith  free  access  of  air,  Prodact.  of 
it  is  heated  in  a  confined  portion  of  very  rare  air,  it  enters  into  %M^^Lm. 
less  perfect  combustion,  and   three  compounds  of  phosphorus 

with  oxygen  are  the  result,  each  characterized  by  distinct  pro- 
perties. The  first  is  a  red  solid,  loss  fusible  than  phosphorus  ; 
the  second  is  a  white  substance,  more  volatiie  than  phosphorus; 
and  the  third,  a  white  and  more  fixed  body.     The  first  appears 
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to  be  a  mixture  of  unburned  phosphorus,  and  phosphorous  acid ; 
the  second  to  be  phosphorous  acid ;  and  the  third  to  be  phospho- 
ric acid. 

648.  Phosphorus  is  soluble  in  oils,  and  communicates  to  them 
the  property  of  appearing  luminous  in  the  dark  ;*  alcohol  and 
ether  also  dissolve  it,  but  more  sparingly. 

This  may  be  »hown  by  pouring  a  sniaU  quantity  of  either  of  these  liquids,  in 
which  pboiphorus  has  been  dissolred,  upon  the  earface  of  warm  water  in  a 
dark  room. 

649.  The  only  information,  which  we  possess,  respecting;  the 
nature  of  phosphorus,  is  derived  from  the  electro^chemical  re* 
searches  of  Sir  H.  Davy.  When  acted  upon  by  a  battery  of 
500  pairs  of  plates  in  the  same  manner  as  sulphur,  gas  was  pro* 
duced  in  considerable  quantities,  and  the  phosphorus  became  of 
a  deep  red-brown  colour.  The  gas  proved  to  be  phosphuretted 
hydrogen,  and  was  equal  in  bulk  to  about  four  times  the  phos- 
phorus employed.  Hence  hydrogen  may  possibly  be  one  of  its 
components ;  but  no  confirmation  of  the  truth  of  this  view  is 
derived  from  the  recent  experiments  of  the  same  philosopher, 
which,  indeed,  are  rather  contradictory  to  it.     H.  I.  370. 

650.  Phosphorus  and  Oxygen^ — Phosphorus  kept  under 
water  in  a  bottle  partly  filled  with  that  fluid,  and  into  which 
fresh  air  is  occasionally  admitted,  becomes  covered  with  a  white 
insoluble  crust.  This  has  been  by  some  regarded  as  an  oxide  of 
phosphorus.  The  red  coloured  matter  which  remains  ailqr  the 
combustion  of  phosphorus,  is  also  supposed  to  be  an  oxide* 
This  substance  is  very  inflammable  and  is  used  in  the  phospho* 
ric  match  boxes.  To  prepare  it  for  this  purpose,  a  piece  of 
phosphorus  may  be  put  into  a  small  phial  and  melted  and  stirred 
about  with  a  hot  iron  wire  so  as  to  coat  its  interior.  A  small 
quantity  taken  out  uf>on  the  end  of  a  brimstone  match  inflames 
upon  coming  in  contact  with  the  air.  There  are  three  acid 
compounds  of  phosphorus  and  oxygen,  which  have  been  termed 
phosphorous,  phosphoric,  and  hypophosphorous  acids. 

651.  Phosphorous  Jlcid, — Phosphorous  acid  cannot,  accord* 
ing  to  Sir  H.  Davy,  be  obtained  pure  by  exposing  cylinders  of 
phosphorus  to  atmospheric  coir;  for  when  thus  prepared,  it  always 
contains  phosphoric  acid.  It  can  only  be  obtained  in  a  state  of 
purity,  first  by  subliming  phosphorus  through  corrosive  subli- 
mate ;  then  mixing  the  product  with  water  and  heating  it,  till 
it  becomes  of  the  consistence  of  syrup.  The  liquid  obtained  is 
composed  of  pure  phosphorous  acid  and  water,  which  becomes 
solid  and  crystalline  on  cooling.  It  is  acid  to  the  taste,  reddens 
vegetable  blues,  and  unites  with  alkalies  forming  salts  which  are 
termed  Phosphites, 

652.  The  theory  of  this  process  is,  that  when  the  compound 
of  phosphorus  and  chlorine,  formed  in  the  fit*st  operation,  is 
brought  into  contact  with  water,  the  water  is  decomposed  ;  its 
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hydrogen  uniting  with  chlorine  composes  muriatic  acid ;  and  its 
oxygen  combining  with  phosphorus  forms  phosphorous  acid. 
From  this  mixture  of  acids,  heat  expels  the  muriatic. 

653.  The  phosphorous  acid  exhales  a  disagreeable  fetid  odour;  PropertiM. 
and  yields,  when  strongly  heated,  penetrating  white  vapours. 
When  heated  in  a  glass  ball,  blown  at  the  end  of  a  small  tube, 
a  gas  issues  from  the  orifice  of  the  tube,  which  inflames  on 
coming  into  contact  with  the  atmosphere.  Hence  it  appears  to 
eontain  an  excess  of  phosphorus.  The  residuum  in  the  ball  is  CompotitioB. 
phosphoric  acid.  From  the  experiments  of  Rose  on  the  phos- 
phoric acid,  Gay-Lussac  infers  that  phosphorous  acid  must  con- 
sist of 

Pbotphoms    .    .    56,81    .     .    100    .    .132 
Oiygen      .    .    .    43,19    .    .      76    .     .     100 

100 

These  proportions  do  not  differ  materially  from  those  stated 
by  Dulong,  who  makes  phosphorous  acid  to  consist  of  100  phos- 
phorus +  74,88  oxygen.*  They  agree,  also,  still  more  nearly, 
with  the  statement  of  Berzelius,  according  to  whom  this  acid 
consists  of 

Photpbonis  .    ^   .    56,524    ....     100, 
Osygen    ....    43,476    ....      76,92 

100 

Sir  H.  Davy,  however,  after  a  careful  investigation  of  the 
constitution  of  phosphorous  acid,  has  more  lately  been  led  to 
conclude  that  the  oxygen,  which  it  contains,  is  just  one  half  of 
that  existing  in  phosphoric  acid  ;  or  that,  in  the  former,  100 

trains  of  phosphorus  are  united   with  only  67,5  of  oxygen* 
[ence  100  grains  of  phosphorous  acid  must  consist  of 

Phosphorui 59,7 

Ozjfgen 40,3 

100. 

And  phosphorous  acid,  being  probably  constituted  of  1  atom 
oxygen,  +  1  atom  of  phosphorus,  the  weight  of  the  latter  atom 
may  be  inferred  \o  be  11,62,  or  in  round  numbers  12.  Phos- 
phorous acid,  then  will  be  represented  by  12  -|-  8  =  20.  H. 
1.  373. 

634.  Phosphoric  Jidd  may  be  formed  by  burning  phosphorus  PbMphorie 
in  excess  of  oxygen.     There  is  intense  heat  and  light  produced,  ^^' 
and  white  deliquescent  fiocculi  line  the  interior  of  the  receiver. 
It  is  produced  in  the  same  way  by  burning  phosphorus  under  a 
dry  bell-glass  in  atmospheric  air.     Phosphoric  acid  may  be  con- 
veniently formed  by  the  action  of  nitric  acid  on  phosphorus. 
The  phosphorus  takes  oxygen  from  the  nitric  acid,  and  a  large  ^I^ **'**"■" 
quantity  of  the  deutoxide  of  nitrogen  is  disengaged  ;  but  as  the 
reaction  is  apt  to  be  very  violent,  the  process  ought  to  be  con- 
ducted with  caution.     It  is  best  done  by  adding  fragments  of 
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phosphorus  to  concentrated  nitric  acid  contained  in  a  platinum 
capsule.  A  gentle  heat  is  applied  so  as  to  commence,  and, 
when  necessary,  to  maintain  a  moderate  effervescence;  and  when 
one  portion  of  phosphorus  disappears,  another  is  added,  till  the 
whole  of  the  nitric  acid  is  exhausted.  The  solution  is  then 
evaporated  to  dryness. 

655.  Phosphoric  acid  may  be  prepared  most  economically 
from  bones. 

On  20  pounds  of  calcined  bone,-fine1y  powdered,  pour  30  quarti  of  boiling 
water,  and  add  16^*  pounrls  of  sulphuric  acid,  diluled  with  an  equal  weight  of 
water.  Let  these  materials*  be  well  stirred  together,  and  be  kept  in  mixture 
about  24  hour».  Let  the  whole  be  then  put  into  a  conical  bag  of  liuen  to 
•eparate  the  clear  liquor,  and  wash  tbe  re»iduum  till  the  water  ceases  to  taste 
acid.  Fvaporate  the  strained  liquor  in  earthen  vessels  in  a  sand  bath,  and 
when  reduced  to  about  half  its  bulk,  let  it  cool.  A  white  sediment  will  form 
which  must  be  fallowed  to  subside  ;  the  clear  solution  mu!>t  be  decanted,  and 
boiled  to  dryness  in  a  glass  Teasel.  A  white  mass  will  remain  which  may  be 
fufcd  in  a  crucible,  and  poured  out  info  a  clean  copper  dish.  A  transparent 
gltut  ifs  obtained,  which  is  the  phofphnric  acid  in  a  Rlacial  %tate ;  not,  however, 
perfectly  pure,  but  containing  sulphate  aud  phosphate  of  lime.  According  to 
Fourcroy  and  Vauquelin,  it  is,  in  fact,  a  super  phosphate  of  lime,  containing,  in 
100  pirts,  only  30of  uncomhined  phosphoric  acid,  and  70  of  neutral  phosphate 
of  lime ;  but  when  prepared  with  the  full  proportion  of  sulphuric  acid,  Mr 
Dalton  6nds  only  B  to  1:2  per  cent,  of  the  calcareous  phosphate.  H.  To  sepa- 
rate the  latter,  the  acid  liquor  obtained  by  the  action  of  sulphuric  acid  on 
bones,  may  be  boiled  for  a  few  minutes  with  excess  of  carbonate  of  ammonia. 
The  lime  is  thus  precipitated  as  a  carbonate,  and  the  solution  contains  phos* 
pbate,  together  with  a  little  sulphate  of  ammonia.  The  liquid  after  filtration, 
is  evaporated  to  dryness,  and  (ben  ignited  in  a  platinum  crucible,  by  which  the 
ammonia  and  sulphuric  acid  are  expelled.f 

656.  Phosphoric  acid  is  a  deliquescent  substance,  and  when 
in  the  flocculcnt  state,  as  obtained  by  burning  phosphorus  under 
a  dry  bell-glass,  it  dissolves  in  water  with  a  hissing  noise  and 
excites  great  heat  when  a  small  particle  is  put  upon  the  tongue  ; 
when  fused  it  has  been  called  glacial  phosphoric  acid.  It  is 
inodorous,  very  sour,  volatile  at  a  bright  red  heat,  but  un- 
changed by  it.  As  commonly  prepared,  it  is  an  unctuous  fluid. 
Specific  gravity  =  2. 

657.  The  composition  of  these  acids  of  phosphorus  has  been 
investigated  by  Sir  H.  Davy,  Dr  Thomson,  Berzelius,  and 
Dulong.  The  subject  is  one  of  much  difBculty,  and  the  results 
of  the  two  former  chemists  differ  widely  from  those  of  the  two 
latter.  Dr  Thomson  infers  from  experiments  made  by  Sir  H. 
Davy  and  himself ;:(  ^^^  phosphoric  acid  is  composed  of 

Phosphorus 12....     1  atom. 

Oxygen 16    ....    2  atoms. 

28 

"jio'^ouft'd.  ^^^'  Hypo-phosphorous  ^cid  was  discovered  by  M.  Du- 
^ong.§  It  16  prepared  as  follows  :  Upon  1  part  o^phosphuret  of 
barium  pour  4  parts  of  water,  and  when  the  evolution  of  phos- 
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phuretted  hydrogen  gas  has  ceased,  pour  the  whole  upon  a 
filter.  To  the  filtered  liquid  add  sulphuric  acid  as  long  as  any- 
precipitate  forms  ;  separate  the  precipitate,  which  is  a  com- 
pound of  sulphuric  acid  and  baryta,  and  the  clear  liquor  now 
contains  the  hypo-phosphorous  acid  in  solution. 

When  concentrated  by  evaporation,  a  sour  viscid  liquid  is 
obtained,  incapable  of  crystallization,  and  eagerly  attractive  of 
oxygen. 

^59,  The  compounds  of  this  new  acid  with  alkaline  and  union  with 
earthy  bases,  are  remarkable  for  their  extreme  solubility.  Those  "**'* 
of  baryta,  and  strontia  crystallize  with  great  di£Bculty.  The 
hypo-phosphites  of  potassa,  soda,  and  ammonia,  are  soluble,  in 
all  proportions,  in  highly  rectified  alcohol.  That  of  potassa  is 
even  more  deliquescent  than  muriate  of  lime.  They  absorb 
oxygen  slowly  from  the  air,  and  when  heated  in  a  retort  give 
the  same  products  as  the  acid  itself. 

In  order  to  ascertain  the  properties  of  the  elements  of  this 
acid,  Dulong,  its  discoverer,  converted  a  known  quantity  of  it 
into  phosphoric  acid  by  means  of  chlorine,  whence  he  infers  it  compo«ition. 
to  consist  of 

Phosphoros    ....    72,75    ....     100, 
Oxygeo 27,25     ....      37,44 

100, 

These  results  are  calculated  on  the  supposition  that  hypo* 
phosphorous  or  per-phosphorous  acid  is  a  binary  compound  of 
oxygen  and  phosphorus ;  but  it  is  doubtful  whether  it  may  not 
be  a  triple#ompound  of  oxygen,  phosphorus,  and  hydrogen,  or 
a  hydracid ;  in  which  case  its  proper  appellation  would  be 
hydro-phosphorous  acid. 

660.  In  his  able  investigation  of  the  compounds  of  phospho- 
rus, Sir  H.  Davy  admits  the  existence  of  the  new  acid  of  Dulong, 
but  deduces  different  proportions  of  its  elements.  The  oxygen 
of  this  acid  he  infers  to  be  the  precise  half  of  that  which  exists 
in  phosphorous  acid  ;  or  that  100  of  phosphorus  are  united  with 
33,750  oxygen.  But  it  has  been  already  shown  to  be  probable 
that  phosphorous  acid  is  composed  of  an  atom  of  each  of  its  ele- 
ments; and  it  may,  therefore,  be  inferred  that  hypo-phosphorous 
acid  is  constituted  of  one  atom  of  oxygen  weighing  8,  and  two 
atoms  of  phosphorus  weighing  12  x  2  =  24,  and  the  weight  of 
the  compound  atom  may  be  represented  by  32.     H.  1.  374. 

661.  Phosphate  of  Ammonia  is  a  common  ingredient  in  the  Phoaphatoof 
urine  of  carnivorous  animals.      It  may  be  obtained   pure  by 
saturating  phosphoric  acid  with  ammonia ;  it  forms  permanent 
octoedral  crystals  soluble  in  two  parts  of  water  at  68^,  of  a  bit- 
terish saline  taste,  and  specific  gravity  1,8051.     T. 
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This  salt  is  the  best  source  of  pure  phosphoric  acid,  for  if  it 
be  exposed  to  a  red  heat  in  a  platinum  vessel,  the  ammonia 
evaporates,  and  the  acid  is  obtained  Ln  the  form  of  a  transparent 
glass,  very  deliquescent  and  pure.  The  phosphate  of  ammo- 
nia for  this  purpose  may  be  conveniently  and  economically 
prepared  by  saturating  the  impure  acid  obtained  from  bones 
(655)  with  carbonate  of  ammonia,  filtering  and  evaporating  to 
dryness. 

66d.  Phosphorus  and  Chlorine. — These  elements  unite  in 
two  proportions  forming  two  definite  compounds,  the  proto- 
chloride,  and  perchloride  of  phosphorus. 

663.  When  phosphorus  is  submitted  to  the  action  of  chlorine, 
it  burns  with  a  pale  yellow  flame,  and  produces  a  white  volatile 
compound  which  attaches  itself  to  the  interior  of  the  vessel,  and 
which  is  the  perchloride  o/  phosphorus.  This  substance  was 
long  mistaken  for  phosphoric  acid,  but  its  easy  volatility  is  alone 
sufficient  distinction  ;  it  rises  in  vapour  at  200^.  It  is  fusible 
and  crystallizable :  and  acts  violently  on  water,  the  hydrogen 
of  which  forms,  with  the  chlorine,  muriatic  acid  ;  while  the 
oxygen  with  the  phosphorus  forms  phosphoric  acid.  When 
passed  through  a  red-hot  porcelain  tube  with  oxygen,  phospho- 
ric acid  is  produced  and  chlorine  evolved,  which  shows  that 
oxygen  has  a  stronger  attraction  for  phosphorus  than  chlorine. 

When  phosphorus  is  burned  in  chlorine,  one  grain  absorbs  8 
cubic  inches  ;  so  that  the  compound  formed  must  be  regarded 
as  containing  1  proportional  of  phosphorus,  and  2  of  chlorine, 
or  12  of  phosphorus  -|-  72  of  chlorine,  and  its  number  is  84. 

664.  With  ammonia  perchloride  of  phosphorus  4>rms  a  sin- 
gular compound,  which  though  consisting  of  three  volatile 
bodies,  remains  unchanged  at  a  white  heat,  and  is  insoluble  in 
water. 

665  Chloride  or  Protochloride  of  Phosphorus^  consisting 
of  12  phosphorus -I- 36  chlorine,  is  procured  by  distilling  a  mix- 
ture of  phosphorus  and  corrosive  sublimate^  which  is  a  perchlo- 
ride of  mercury.  In  this  experiment  calomel^  or  protochloride 
of  mercury,  is  formed,  and  the  phosphorus  combines  with  one 
proportional  of*  chlorine. 

666.  The  chloride  of  phosphorus,  when  first  obtained ,  is  a 
liquid  of  a  reddish  colour :  but  it  soon  deposits  a  portion  of 
phosphorus,  and  becomes  limpid  and  colourless.  Its  specific 
gravity  is  1 ,45.  Exposed  to  the  air  it  exhales  acid  fumes :  it 
does  not  change  the  colo^jr  of  dry  vegetable  blues.  Chlorine 
converts  it  into  perchloride.  Ammonia  separates  phosphorus, 
and  produces  the  singular  triple  compound  as  before  adverted 
to  (6(i4.) 

667.  Chloride  of  phosphorus  acts  upon  water  with  great 
energy,  and  produces  muriatic  and  phosphorous  acids,  while 
the  perchloride  produces  muriatic  and  phosphoric  acids :  for,  as 
in  the  perchloride  there  are  two  proportionals  of  chlorine,  so  in 
acting  upon  water,  two  of  oxygen  must  be  evolved,  which 
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UDiting  to  one  of  phosphorus  genenite  phosphoric  acid.  Hie 
chloride  of  phosphorus  on  the  contrary,  containing  one  propor- 
tional of  chlorine,  produces  muriatic  acid  and  phosphorous  acid, 
when  it  decomposes  water,  as  the  following  tlibles  show  : 

Cblohdfl  Water. 

ofPhvtp. 

Before  de-      {1  CbloriDe  =36)   ^    I  1  Hydrog.ssl  >q 

compofitioD.  )1  Pboipho.  =s  U  S  |  1  Oxygeu  =8.  S 

Huriatie  Photphorout 

Acid.  Acid* 

After  de-         k\  Chlorine  =  36)   ^     I      1  Phospho.  =  H  )  ^q 
compi>»itioo*  i  1  Hjdrog.  =    I  >       '    |      1  Oxygen    =s  B  > 

But  the  pho<«pborous  acid,  thus  produced,  always  contains 
water,  which  it  throws  off  when  heated  in  ammonia,  forming, 
with  that  alkali,  a  dry  phosphite.  This  experiment  shows  that 
the  hydrophosphoTOus  acid  consists  of  2  proportionals  of  phos- 
phorous acid  =40+1  water  =  9,  its  number  is  therefore,  49. 

668.  Phosphorus  and  Bromine. — According  to  M.  Balard  Phoiphonw 
phosphorus  and  bromine  made  to  act  on  each  other  in  an  atmos-  *"**  «»»»•»•• 
phere  of  carbonic  acid  gas  form  two  compounds,  one,  which  is 

solid,  sublimes  and  crystallizes  on  the  upper  part  of  the  vessel, 
a  fluid  substance  remaining  beneath  and  appearing  to  contain 
less  bromine  than  the  former.  It  remained  fluid  at  10^  F.  and 
was  readily  volatile  forming  pungent  vapours.  It  dissolved 
excess  of  phosphorus,  acted  powerfully  on  water,  producing 
much  gaseous  hydro-bromic  acid. 

The  deuto-bromide  of  phosphorus  is  a  yellow  solid,  readily, 
made  by  adding  bromine  to  the  previous  compounds;  easily  fusi- 
ble ahd  vaporizable :  by  refrigeration  both  the  vapours  and  fluid 
crystallized.  By  contact  with  the  air  it  fumed,  the  water  in  it 
being  decomposed,  and  producing  hydro-bromic  and  phosphoric 
acids.  Chlorine  decomposed  these  compounds,  producing  bro- 
mine and  chloride  of  phosphorus.* 

669.  Iodide  of  Phosphorus. — Iodine  and  phosphorus  combine  iodid«. 
readily  in  the  cold,  evolving  so  much  caloric  as  to  kindle  the 
phosphorus,  if  the  experiment  is  made  in  the  open  air ;  but  in 
close  vessels  no  light  appears.     The  combination  takes  place 

in  several  proportions  which  have  not  yet  been  determined* 
Its  most  interesting  property  is  that  of  decomposing  water  with 
formation  of  hydriodic  and  phosphoric  acids. 

670.  Phosphorus  and  Hydrogen. — Phosphuretted  Hydro*  union  irith 
gen. — Hydroguret  qf  Phosphorus, — When   phosphorus  is  **^^^' 
presented  to  nascent  hydrogen,  two  gaseous  compounds  result. 

The  one  inflames  spontaneously  upon  the  contact  of  the  atmos- 
phere. This  may  be  procured  by  boiling  phosphorus  in  a 
solution  of  caustic  potassa ;  or  better,  by  acting  upon  phosphu^ 
ret  of  lime  by  dilute  muriatic  acid.t 

*  QMrC  JMtr<  44,  390. 

t  M.  Viala  finda  that  when  phMphoroa  is  introdnced  into  a  receiTor  eontalninf  a  weak  aolation  of 
an  alkali,  phoephnretted  hydrogen  is  fonncd,  and  oTolred  in  a  few  faonn  witkoat  ike  applintion  of 
IT.  dt  i*k«r«.  Feb.  IfiST. 
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671.  In  preparing  this  gas  from  phosphorus  and  solution  of 
potassa,  for  exhibiting  its  spontaneous  accension,  both  the  body 
and  neck  of  the  retort  should  be  entirely  filled  with  the  solu- 
tion ;  a  retort  holding  from  half  a  pint  to  a  pint  may  be  em- 
ployed.* Soon  after  the  solution  boils,  the  gas  is  evolved  in 
abundance,  and  inflames  on  escaping  into  the  air. 

672.  For  obtaining  this  gas  by  the  second  process^  Dr  Thom- 
son gives  the  following  directions :  Fill  a  small  retort  with 
water  acidulated  by  muriatic  acid,  and  then  throw  into  it  a 
quantity  of  phosphuret  of  lime  in  lumps.  Plunge  the  beak  of 
the  retort  under  water,  and  place  over  it  an  inverted  jar  filled 
with  that  liquid.  Phosphuretted  hydrogen  gas  is  extricated  in 
considerable  quantity,  and  soon  fills  the  glass  jar.  Hnlf  an 
ounce  of  phosphuret  of  lime  yields  about  70  cubic  inches  of 
this  gas.t 

673.  This  gas  is  colourless,  has  a  nauseous  odour  like  onions^ 
a  very  bitter  taste  and  inflames  when  mixed  with  air,  a  properly 
which  it  loses  by  being  kept  over  water ;  water  takes  up  two 
per  cent,  of  the  gas,  and  acquires  a  bitter  taste,  and  the  smell 
of  onions. 

674.  When  bubbles  of  phosphuretted  hydrogen  are  let  up 
into  a  jar  of  oxygen,  they  burn  with  greatly  increased  splen- 
dour ;  in  chlorine  too  they  burn  with  a  beautiful  pale  blue 
light,  forming  muriatic  acid  and  perchloride  of  phosphorus. 
In  a  narrow  tube  it  may  be  mixed  with  oxygen  without  explod- 
ing, in  which  case  it  is  deprived  of  its  phosphorus  without  suf- 
fering any  change  of  bulk.  It  burns  when  thrown  up  into 
nitrous  oxide. 

675.  For  our  knowledge  of  the  composition  of  this  gas,  we 
are  chiefly  indebted  to  Dr  Thomson,  who  has  shown  that  the 
hydrogen  suffers  no  change  of  bulk  in  uniting  to  the  phospho- 
rus ;  so  that  the  difference  of  weight  between  this  gas  and  pure 
hydrogen,  indicates  the  weight  of  phosphorus.  It  may  be 
regarded  as  containing  one  proportional  of  phosphorus  and  one 
of  hydrogen,  or  12  -|-  1  =  13.  Its  specific  gravity  is  very 
variable.  Sir  H.  Davy  has  obtained  ii^  from  phosphorus  and 
alkaline  lixivia,  of  all  specific  gravities,  from  ,400  to  ,700  ;  Mr 
Dalton  states  it  at  ,850,  air  being  1,000,  and  Dr  Thomson  at 
,9027.      The  quantity   absorbed    by  water  is  fixed   by  Davy 


PI.  V. 


*  Ac  tho  gUB  wonld  explode  should  maeh  atmospheric  air  remain  in  the  retort,  it  will  be  beet  to 
inrroduce  an  atmosphere  of  hydrogen,  which  may  be  done  as  follows.  AAer  introducing  both  the 
phosphorus  and  tho  solution  fix  the  nock  of  the  retort  on  on  inclined  plane  formed  of  a  block  of  wood, 
fig.  1 10,  the  retort  being  held  in  an  upright  position  its  neck  may  be  passed  through  the  rings  attached 
to  the  block  ;  placing  the  finger  ovci  the  beak  of  the  retort  carefully  invert  it  under  the  surface  of 
water  contained  in  a  small  bowl.  The  solution  should  now  be  dinplaced  from  the  neck  of  the  retort 
and  about  one  third  of  its  body,  by  passing  up  hydrogen  gas  from  a  gas  bottle  or  flask  having  a  bent 
tube— or  the  retort  being  iield  in  a  vertical  position  by  an  asMistant,  the  beak  being  kept  under  tlio 
surface  of  tho  watrr  in  the  bowl,  the  gss  may  be  passed  up  in  tiic  usual  manner.  It  will  bo  found 
necessary  after  all  tlic  solution  has  been  expelled  from  the  nock,  to  incline  the  body  of  the  retort  so  as 
to  allow  a  part  of  what  remains  in  the  body  to  flow  into  it,  which  is  to  be  oxpcUed  as  at  first. 

T  Thomson's  4.y*fen,  vol.  i.  272. 
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at  jV  i^s  ^ulk,  and  by  Dalton  at  ^^j  Dr  Thomson  makes  it  ^V 
H.  1.  439. 

676.  When  phosphiirelted  hydrogen  is  mixed  with  oxygen,  it 
requires  a  volume  and  a  half  of  the  latter  gas  for  its  perfect 
combustion  ;  and  as  the  hydrogen  would  require  half  its  volume 
of  oxygen  for  the  production  of  water,  the  remaining  volume 
must  unite  to  the  phosphorus  to  produce  phosphoric  acid. 

677.  Bihydroguret  of  phosphorus. — Hydrophosphoric  Gas,  Hydrophos- 
— The  next  compound  of  phosphorus  and  hydrogen  has  been  **'***"*'  **** 
called,   by  Sir  H.  Davy,  hydrophosphoric  gas.     It  is  procured 

by  heating  the  solid  hydrophosphorous  acid  in  a  very  small 
retort.  The  gas  must  be  collected  over  mercury,  for  water 
absorbs  one-eighth  its  volume.  Its  specific  gravity  to  hydrogen 
IS  as  12  to  l"*"  It  is  not  spontaneously  inflammable,  but  explodes 
when  heated  with  oxygen.  It  inflames  spontaneously  in  chlo- 
rine, one  volume  requiring  four  of  chlorine  for  its  perfect  com- 
bustion.   Its  smell  is  less  disagreeable  than  the  former.    It  con- 

H  P  • 

sists  of  2  of  hydrogen  and  1  of  phosphorus  2  -|-  12  =  14  ;  but 
the  two  volumes  of  hydrogen  are  condensed  into  one ;  conse- 
quently when  the  gas  is  decomposed,  as  for  instance,  by  sublim- 
ing sulphur  in  it,  two  volumes  of  sulphuretted  hydrogen  are 
formed. 

678.  The  existence  of  different  varieties  of  phosphuretted 
hydrogen  has  been  denied  by  Mr  Dalton,  whose  experiments 
have  led  him  to  the  conclusion,  that  the  apparent  diversities  of 
composition  are  occasioned  by  the  admixture  of  various  propor- 
tions of  free  hydrogen,  and  phosphuretted  hydrogen.     H.t 

%T^.  Phosphorus  and  Sulphur  are  capable  of  combining,  uoionwith 
They  may  be  united  by  melting  them  together  in  a  tube  ex-  •"*!*"'• 
hausted  of  air,  or  under  water.     In  this  last  case  they  must  be  ^■ 

used  in  small  quantities  ;  at  the  moment  of  their  action,  water  i 

is  decomposed,  sometimes  with   explosions.      They   unite  in  ^ 

many  proportions.  The  most  fusible  compound  is  that  of  one 
and  a  half  of  sulphur  to  two  of  phosphorus.  This  remains  liquid 
at  40°  F.  When  solid,  its  colour  is  yellowish-white.  It  is 
more  combustible  than  phosphorus^  and  distils  undecomposed  at 
a  strong  heat.     U.  638.^ 


Section  V,     Carbon. 

680.  The  purest  form  of  this  elementary  substance  is  the  Diamond. 
diamond. 

681.  The  diamond,  which  Sir  I.  Newton  had   sagaciously 
inferred  to  be  a  combustible  body,  from  its  powers  of  refracting 

t  Pk»9phiomM  and  M'ilrogtn  produce  do  definite  compound,  though  in  some  cajce  of  animal  dccont- 
potition  the  evolved  nitrogen  appean  to  bold  phoaphorua  in  eolation. 
X  See,  also,  Faraday,  Jokt.  Rof-  JmtiiiU.  ir.  361. 


192 


Garbon. 


«HAP.  lU. 


CharcoftJ, 


method  of 
prcpariug. 


Lcnp-'blad;. 


lt«  properties* 


EfTpctofOal- 


light,  was  first  shown  by  Guyton*  to  contain  carbon,  and  his 
experiments  led  him  to  conclude  that  the  diamond  is  the  only 
form  of  pure  carbon  ;  and  that  charcoal  is  a  compound  of  car- 
bon and  oxygen,  or  an  oxide  of  carbon.  The  experiments  of 
Messrs  Allen  and  Pepys  have,  however,  gone  far  towards  prov- 
ing that  the  diamond  and  charcoal,  though  so  widely  remote 
from  each  other  in  external  characters,  are,  as  to  their  chemical 
nature,  identically  the  same ;  and  that  the  difference  between 
them,  in  all  probability,  results  merely  from  the  respective 
states  of  aggregation  of  their  particles.     H.  1.  335. 

682.  Another  form  of  carbon  is  charcoal^  the  purest  variety 
of  which  is  lamp-black. 

Charcoal  may  be  prepared  by  heating  pieces  of  wood,  cover- 
ed with  sand  to  redness,  and  keeping  them  in  that  state  for 
about  an  hour.  They  are  converted  into  a  black  brittle  sub- 
stance, which  appears  to  be  the  same  from  whatever  kind  of 
wood  it  has  been  procured. 

Common  charcoal  employed  as  fuel  is  usually  made  of  oak, 
chesnut,  elm,  beech,  or  ash  wood,  the  white  and  resiDOus  woods 
being  seldom  used.  Young  wood  affords  a  better  charcoal  than 
large  timber,  which  is  also  too  valuable  to  be  thus  employed. 
It  is  formed  into  a  conical  pile,  which  being  covered  with  earth, 
or  clay  ;  is  suffered  to  burn  with  a  limited  access  of  atmospheric 
air,  by  w^hich  its  complete  combustion,  or  reduction  to  ashes,  is 
prevented. 

Another,  and  a  more  perfect  mode  of  preparing  charpoal, 
consists  in  submitting  it  to  a  red  heat  in  a  kind  of  distillatory 
apparatus  consisting  of  cast  iron  cylinders,  from  which  issue  one 
or  more  tubes  for  the  escape  of  gaseous  matters.  The  makers 
of  gunpowder  particularly  prefer  this  process. t 

683.  Lamp-black  is  prepared  principally  by  turpentine  man- 
ufacturers from  refuse  and  residuary  resin,  which  is  burned  in 
a  furnace,  so  constructed,  that  the  dense  smoke  arising  from  it 
may  pass  into  chambers  hung  with  sacking,  where  the  soot  is 
deposited,  and  from  time  to  time  swept  off,  and  sold  without 
any  further  preparation.^  When  lamp-black  has  been  heated 
red  hot  in  a  cIqsc  vessel,  it  may  be  considered  as  very  pure 
carbon.     A  very  pure  charcoal  is  obtained  from  spirit  of  wine. 

684.  The  quantity  of  charcoal  obtained  from  different  kinds 
of  wood  is  liable  to  much  variation.     See  Tables, 

685.  Charcoal  is  a  black,  insoluble,  inodorous,  insipid,  brittle 
substance ;  an  excellent  conductor  of  electricity,  but  a  bad  con- 
ductor of  heat;  unchanged  by  the  combined  action  of  air  and 
moisture  at  common  temperatures ;  and  easily  combustible  in 
oxygen  gas. 

686.  Professor  Silliman  first  observed,  on  subjecting  cylin- 
drical pieces  of  charcoal,  tapered  to  a  point,  to  the  galvanic 
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deflagrator  of  Dr  Hare,  (^54)  when  in  powerful  action,  that  the 
charcoal  point  of  the  positive  pole  instantly  shot  out  r'^th,  |th, 
or  even  \  of  an  inch.  The  charcoal  of  ihe  negative  pole  under- 
went, in  the  mean  time  a  change  precisely  the  reverse,  its  point 
disappearing,  and  a  crater-shaped  cavity  being  substituted  in  its 
stead.  By  placing  a  piece  of  metal  at  the  negative  pole  in  lieu 
of  charcoal ;  it  was  ascertained  by  the  absence  of  the  usual  phe- 
nomena; that  the  increase,  before  observed  in  the  charcoal  at 
the  positive  pole,  was  occasioned  by  an  actual  transference  of 
charcoaK  from  the  former  to  the  latter.  This  appearance  Is 
attributed  by  Prof.  Silliman  to  the  fusion  of  the  charcoal ;  but 
by  others  to  impurities  present  in  it  * 

687.  Charcoal  is  capable  of  destroying  the  smell  and  taste  of  UfMofchtf* 
a  variety  of  vegetable  and  animal  substances.t     The  use  of  char-  ^ 
ring  piles ;  of  throwing  charcoal  into  putrid  water;  of  wrapping 
it  in  clothes  that  have  acquired  a  bad  smell;  of  adding  it  to  port 
wine,  with  a  view  of  making  it  tawny  \  depends  upon  the  above 
properties. 

6S8.  The  charcoal  of  wood,  besides  its  use  as  a  fuel,  is  neces- 
sary to  the  preparation  of  that  kind  of  iron  which  is  used  for 
wire ;  to  the  cementation  of  steel ;  and  to  the  preparation  of 
gun-powder.  The  charcoal  prepared  from  pit-coal,  called  coktj  Cokti 
is  less  pure,  and,  besides  other  substances,  generally  contains 
sulphur,  but  it  has  the  advantage  of  being  heavier  and  more 
compact,  in  consequence  of  which  it  is  better  adapted  for  burn- 
ing in  furnaces  in  which  there  is  a  powerful  blast  of  air.  H. 
1.  330. 

689.  Newly-made  charcoal   has  the  property  of  absorbing  AiMoiig 
certain  quantities  of  the  different  gases.     In  the  experiments  of  '*'** 
M.  Theodore  de  Saussure,^  the  charcoal  was  heated  red  hot, 
then  suffered  to  cool  under  mercury,  and  introduced  into  the 
gas.     The  following  are  the  volumes  of  different  gases  absorbed 
by  a  volume  of  charcoal  =  1. 


Amraonia        90 

Maridtic  acid 85 

Sulphuroup  acid        ....  65 

Salpburetted  bjdrogeD     .     .  55 

Nit  roan  oxide  ....  40 

Carbonic  acid     ....     .r  35 


Olefiant  g^as 35 

Carbonic  oxide    .     •    .    .  9,42 

Oxygen      .•••..  9,25 

Nitrogen    ......  7,5 

Hydrogen  ......  1,75 


The  absorption  was  always  at  its  maximum  at  the  end  of  24 
hours. 

690.  The  results  of  these  experiments  are  widely  different 
from  those  of  Count  Morozzo.§     It  would  also  appear,  that  this  Jj^^^' 
property  depends  upon  the  mechanical  texture  of  the  charcoal, 
and  consequently  will  vary  in  the  different  woods ;  for  by  ex- 
posing the  charcoal  of  different  woods  to  air,  Allen  and  Pepys 


*  See  Amtrieam,  Jntmal  of  Scienety  roU  v,  vi  It  viii ;  tbo  Jomr.  of  tjto  Afi»  of  JV«t.  Sti-  toL  It. 
p.  371. 
t  Lowiu  CrtWt  AwnaUf  vol-  ii  p.  165.  t  Thomton**  Annalo^  vol.  vi. 

i  j0unuU  dB  Pkgtifuoj  1783,  and  of  M.  Eonppe  wfmialM  it  Ckimit-,  voL  zxxii. 
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found  that  they  increased  very  differently  in  weight.     By  a 
week's  exposure,  charcoal  from 


LignQinvitse  gained        9,6  per  cent. 

Fir 13,0     ditto 

Box 14,0     ditto 


Beech  plained 
Oak     .     .     . 

Mahogany    • 


16,3  per  cent. 
16,5     ditto 
18,0     ditto 


The  n^atter  absorbed  in  these  cases  consisted  principally  of 
aqueous  vapour,  which  is  very  greedily  imbibed  by  newly-made 
charcoal. 

691.  Carbon  and  Oxygen. — There  are  two  compounds  of 
carbon  and  oxygen  ;  the  carbonic  acid,  and  the  carbonic  oxide. 

69:^.  Carbonic  ^cid  Gas  may  be  obtained  by  burning  carbon, 
either  pure  charcoal  or  the  diamond,  in  oxygen  gas. 

693.  It  is  not  evident  to  whom  the  combustibility  of  the 
diamond  first  occurred  ;  but  in  the  year  1694  the  Florentine 
Academicians  proved  its  destructibility  by  heat  by  means  of 
a  burning  lens.  The  producis  of  its  combustion  were  first 
examined  by  Lavoisier  in  1773,  and  subsequently  with  more 
precision  by  Guyton  Morveau,  in  1785.*  In  1797,  Mr  Ten- 
nant  demonstrated  the  important  fact,  that  when  equal  weights 
of  diamond  and  pure  charcoal  were  submitted  to  the  action  of 
red  hot  nitre,  the  results  were  in  both  cases  the  same  ;  and  in 
1807  the  combustion  of  the  diamond  in  pure  oxygen  was  found 
by  Messrs  Allen  and  Pepys  to  be  attended  with  precisely  the 
same  results  as  the  combustion  of  pure  charcoal.  Hence  the 
inevitable  inference  that  charcoal  and  the  diamond  are  similar 
substances  in  their  chemical  nature,  differing  only  in  mechanical 
texture.t 


PhT. 
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t  Tiie  apparatus  fig.  112  may  be  conveniently  employed  for  exhibiting  the  results  of  the  combustioa 
of  the  diamond.  It  consiats  of  a  giau  globe,  uf  tiie  capacity  of  about  140  cubical  inchea,  furnished 
with  a  cap,  having  a  largu  aperture ;  tlie  stop-cock,  which  screws  into  this  cap,  has  a  jet,  a,  rising 
from  it,  nuarly  into  the  centre  of  the  globe  :  thin  is  destined  to  convey  a  small  stream  of  hydrogen,  or 
other  iraflamroablo  gas.  Two  wires,  e  e,  terminate  at  a  very  little  distance  from  each  cither,  just  above 
this  jet,  and  are  intended  to  inflame  thr  stream  of  hydrugvn  by  electrical  sparks ;  one  of  them  com> 
menccs  from  the  side  of  the  jet,  the  othoi  is  enclosed  and  insulated  nearly  in  its  whole  length  in  a 
glasd  lube :  the  tube  and  wire  pass  tlirough  the  upper  part  of  tiie  stop  cue k,  and  thi'  win  tcrroinatca 
on  the  outside  in  a  ball  or  ring,  d,  at  which  sparks  are  to  be  taken  from  the  machine,  either  directly 
or  by  a  chain.  On  the  end  of  the  jet  is  fixed,  by  a  little  socket,  a  small  capsule,  ft,  made  of  platinum 
foil.  This  capsule  is  perced  full  of  small  holes,  and  serves  as  a  grate  to  hold  the  diamoii«]a.  Its 
distance  is  about  three-quarters  of  an  inch  from  the  end  of  the  jet ;  and  the  arm,  by  which  it  is  sup- 
pored,  is  bent  round,  so  tJiai  the  stream  of  hydrogen  shall  not  play  against  it.  The  stop-cock  screws, 
by  its  lower  terminntion,  on  to  a  small  pillar,  fixed  on  a  stand,  and  at  the  side  of  this  pillar  is  mi 
a^ierture  by  which  a  bladder  filled  with  gas  may  be  connected  with  the  apparatus. 

On  using  the  apparatus,  the  diamond  is  to  be  placed  in  the  capsule ;  and  then  the  globe  beinf 
screwed  on  to  the  stop  cock,  the  latter  is  to  bo  removed  from  the  pillar  and  placed  on  the  air  pump; 
the  i^lobe  is  then  to  be  exhausted,  and  afterwards  filled  with  pure  oxygen  :  or,  lest  the  stream  of  oxygen 
in  entering  should  blow  away  the  diamond,  the  globe  may  bo  filled  with  the  gns  fiivt,  and  then,  dexter- 
eudly  taking  out  the  stop-cock  fur  a  short  time,  the  diamonds  may  bo  introduced  and  the  stop-cock 
ieplac4)d  The  apparatus  is  then  tu  be  fixed  on  the  pillar,  and  a  bladder  of  hydrogen  gas  aUached  to 
the  aperture.  Now,  passing  a  current  of  sparks  between  the  wires,  a  small  stream  of  hydrogen  is  to 
be  thrown  in,  which  inflaming,  immediately  heats  the  capsule  and  diamonds  white' hot ;  the  diamonds 
will  then  enter  into  combustion,  and  the  hydrogen  may  be  immediately  turned  ofl"  and  the  bladder 
detached.  The  diamonds  will  continue  to  burn,  producing  a  strong  white  heat,  until  ao  far  reduced  iR 
size  as  to  be  cooled  too  low  by  the  platinum  with  which  they  lie  in  contact. 


SECT.  V.  Combustion  of  the  Diamond.  195 

694.  Messrs  Allen  and  Pepys  collected  the  product  of  the  Alien  and 
eombustion  of  charcoal  and  of  the  diamond,  by  means  of  the  p2atul*^ 
apparatus  represented  by  fi^.  11  J.*     a  a  are  mercurial  gasome-  pi.^. 
ters,  one  of  which  is  filled  with  pure  oxygen  gas.     The  brass 

tubes  b  by  properly  supplied  wiih  stopcocks,  issue  from  the 
gasometers,  and  are  connected  with  the  platinum  tube  c  c,  which 
passes  through  the  small  furnace  d,  e  is  a  glass  tube  passing 
into  the  mercurio-pneumatic  apparatus  by  which  the  gas  may  be 
drawn  out  of  the  gasometers  into  convenient  receivers.  A 
given  weight  of  diamond  is  introduced  into  the  centre  of  the 
platinum  tube,  which  is  then  heated  to  bright  redness,  and  the 
•gas  passed  over  it,  backwards  and  forwards,  by  alternately  com* 
pressing  the  gasometers.  Carbonic  acid  is  soon  formed,  and  it 
will  be  found  that  the  increase  of  weight  sustained  by  the  oxy- 
gen is  equivalent  to  that  lost  by  the  diamond  j  that  the  oxygen 
undergoes  no  change  of  bulk  ;  and  that  the  results  are,  in  all 
respects,  similar  to  those  obtained  by  a  similar  combustion  of 
perfectly  pure  charcoal. 

695.  From  the  quantity  of  charcoal  or  diamond  consumed  in 
the  experiments  of  Allen  and  Pepys,  and  the  quantity  of  oxygea 
converted  into  carbonic  acid,  it  is  easy  to  infer  the  proportion 

of  carbon  and  oxygen  in  the  new  compound.  Reducing  these  Rofuits. 
to  centesimal  proportion  for  every  28  or  29  grains  of  the  com* 
bustible  base  which  disappeared,  100  grains  of  carbonic  acid  (a 
about  201  cubic  inches^  were  generated  ;  and  it  is  remarkable 
that  these  proportions  agree  exactly  with  those  originally  stated 
by  Lavoisier.  The  same  quantity  of  carbonic  acid  resulted, 
also,  from  the  combustion  of  between  28  and  29  grains  of  dia- 
mond. Hence  it  may  be  inferred,  that  the  actual  quantity  of 
carbon  in  equal  weights  of  diamond  and  charcoal  is  very  nearly 
the  same;  and  that  charcoal  is  not,  as  has  hitherto  been  suppos- 
ed, an  oxide  of  carbon  ;  their  only  difference  consisting  in  the 
presence  of  hydrogen  in  charcoal,  in  so  small  proportion  as  not 
materially  to  diminish  the  quantity  of  carbonic  acid  produced 
by  its  combustion.  If  this  inference  required  confirmation,  it 
is  furnished  by  its  agreement  with  Mr  Tennant's  experiments 
on  the  combustion  of  the  diamond,  published  in  179''.  Two 
grains  and  a  half  of  diamond,  (this  philosopher  found),  when 
consumed  in  a  tube  of  gold  by  means  of  nitre,  give  nine  grains 
of  carbonic  acid,  which,  in  100  parts,  should  contain,  therefore, 
as  nearly  as  possible,  28  parts  of  diamond  or  carbon.  -  The  mean 
of  a  number  of  Messrs  Allen  and  Pepys'  experiments  ^give  the 
following  statement  of  the  composition  of  carbonic  acid  : 

Carbon    ......     28,60 100 

Oxjgen 71,40 250 

100. 

696.  Mr  Dalton  assumes  the  composition  of  carbonic  acid  to  ^"P®JJJ**?J 
be  in  round  numbers,  28  of  charcoal  and  72  of  oxygen;  from  Acid« 

*  rm,  Trnu.  1807. 
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whence  he  deduces  the  weight  of  the  atom  of  charcoal  to  be  5^. 
But  if  the  atom  of  oxygen  weigh  8,  and  if  the  proportions  just 
assigned  be  correct,  the  atom  of  charcoal  will  weigh  6,  and  that 
of  carbonic  acid  (considering  it  as  a  ternary  compound  of  two 
atoms  oi  oxygen  and  one  of  charcoal)  will  be  16  +  6  =  22.  In 
volumes,  its  constitution  has  been  stated  by  Gay-Lussac  to  be  1 
volume  of  gaseous  carbon  +  1  of  oxygen,  condensed  into  the 
space  of  1  volume,  and  the  density  of  the  vapour  of  charcoal  has 
been  estimated  to  be  equal  to  the  density  of  carbonic  acid,  less 
than  that  of  oxygen  gas,  or  to  1,5277—1,1111  =0,4166.* 

697.  When  one  volume  of  carbonic  oxide  is  converted  into 
carbonic  acid  we  add  half  a  volume  of  oxygen  and  obtain  one- 
volume  of  carbonic  acid,  which  gas  may  therefore  be  considered 
as  constituted  either  of  one  volume  of  carbonic  oxide  +  half  a 
volume  of  oxygen  condensed  into  one  volume,  or  of  one  volume 
of  vaporous  carbon  -|-  1  volume  of  oxygen ,  condensed  into  1 
volume, 
frooftfrom  698.  In  addition  to  the  proofs  of  the  constitution  of  carbonic 
*"  *'***  acid  derived  from  its  synthesl's,  we  have  also  the  evidence  of  its 
analysis,  which  may  be  affected  by  several  processes. 

1.  By  passing  a  succession  of  electrical  discharges  through  a 
quantity  of  carbonic  acid  gas  confined  over  mercury,  Dr  Henry 
has  found  that  the  gas  is  separated  it. to  oxygen,  and  carbonic 
oxide.  When  the  carbonic  acid,  which  escapes  decomposition, 
has  been  washed  out  by  a  solution  of  potassa,  an  electric  spark 
inflames  the  residuary  mixture ;  the  oxygen  and  carbonic  oxide 
again  uniting,  and  re-composing  carbonic  acid.t 

2.  When  a  mixture  of  carbonic  acid  and  hydrogen  gases  is 
electrified,  the  hydrogen  combines  with  part  of  the  oxygen  of 
the  acid,  and  reduces  it  to  the  state  of  carbonic  oxide.  The  same 
products  are  obtained,  by  transmitting  a  mixture  of  two  parts 
of  hydrogen  gas  and  one  of  carbonic  acid  though  a  glazed 
porcelain  tube  strongly  ignited.  The  hydrogen,  uniting  with  a 
part  of  the  carbonic  acid,  brings  the  latter  to  the  state  of  car- 
bonic  oxide,  at  the  same  time  that  water  is  formed.     H.  1    345. 

699.  It  may  also  be  analyzed  by  the  action  of  the  metal /?o/a«- 
siurrij  which  is  capable  of  abstracting  its  oxygen,  and,  with 
the  aid  of  heat,  burns  in  it  with  great  splendour;  charcoal  is 
deposited,  and  an  oxide  of  Potassium  is  formed.  In  this  and 
in  some  other  cases,  oxygen  is  seen  alternately  producing  acid 
and  alkali.  If  carbonic  acid,  obtained  by  burning  the  diamond 
in  oxygen,  be  thus  decomposed  by  potassium,  the  carbon  makes 
its  appearance  in  the  form  of  charcoal,  equal  in  weight  to  the 
diamond  consumed. 

700.  Carbonic  acid  is  a  most  abundant  natural  product;  the 
best  modo  of  procuring  it  for  experiment  consists  in  acting  upon 
marble  {carbonate  of  lime)  by  dilute  muriatic  acid. 

*  Sp.  gr.  of  Carbon  vapooT    .    .    .    *.    0,375) 
'*^     "    •*  Carbonic  acid      ....    1,375  >  Oxygen  si. 

Atomic  weight  of  ditto 8,75  ) 

Weight  of  IW  cubic  indmi  .    .    ,    .46,5078.    T. 

\Phil.  TVoxf.  1800.i4& 
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For  this  purpose  the  marble,  in  small  fragments^  is  introduced  Metbodofob- 
into  the  two-necked  bottle  a,  fif^.  114,  and  covered  with  water;  J^ojj'^.c^.'" 
muriatic  acid  is  then  slowly  poured  down  the  funnel  &,  which 
causes  an  immediate  effervescence,  and  the  gas  passes  through 
the  bent  tube  c,  into  the  inverted  jar  </.  When  the  action 
ceases,  it  may  be  renewed  by  the  addition  of  fresh  acid,  until 
the  whole  of  the  marble  is  dissolved. 

As  carbonic  acid  gas  is  heavier  than  atmospheric  air  it  may 
also  be  obtained  by  means  of  the  apparatus  fig.  115,  a  is  a  long 
glass  tube  proceeding  from  the'  bottle  containing  the  marble  and 
acid,  and  passing  down  to  the  bottom  of  the  jar  &,  which  stands 
with  its  mouth  uppermost.  The  carbonic  acid  will  expel  the 
common  air  from  the  jar. 

701.  Carbonic  acid  may  be  collected  over  water,  but  must  be  Abwrbedby 
preserved  in  vessels  with  glass-stoppers,  since  water,  at  common  "'*^*"* 
temperature  and  pressure,  takes  up  its  own  volume. 

Fill  partly  a  jar  with  this  gas,  and  let  it  stand  a  few  hours  - 
over  water.  An  absoption  will  gradually  go  on,  till  at  last  Ex^ 
none  will  remain.  This  absorption  is  infinitely  quicker  when 
agitation  is  used.  Repeat  the  above  experiment,  with  this  dif- 
ference, that  the  jar  must  be  shaken  strongly.  A  very  rapid 
diminution  will  now  take  place.  In  this  manner,  water  may  be 
charged  with  rather  more  than  its  own  bulk  of  carbonic  acid 
gas ;  and  it  acquires^  when  thus  saturated,  a  very  brisk  and 
pleasant  taste. 

709.  The  effervescent  quality  of  many  mineral  waters  is  re- 
ferable to  the  presence  of  this  gas,  and  they  are  often  imitated 
by  condensing  carbonic  acid  into  water,  either  by  a  condensing 
pump,  of  which  a  description  is  given  by  Mr  Pepys,*  or  by  a 
Nooth's  apparatus,  as  represented  in  fig.  116.t  p^^- 

Under  a  pressure  of  two  atmospheres  water  dissolves  twice  its 
volume  of  this  gas,  and  so  on.  It  thus  becomes  brisk  and  tart, 
and  reddens  delicate  vegetable  blues.  By  freezing,  boiling  or 
exposure  to  the  vacuum  of  the  air-pump,  the  gas  is  given  off. 

Place  a  tumbler  of  water  which  has  been  impregnated  wifh  thi^  gat  (the  »oda  ^'P* 
water  of  the  shops,  for  example)  under  the  receiver  of  the  air-pump,  and 
exhaust  it;  the  gas  will  escape  so  rapidly  as  to  pres^ent  the  appearance  of  ebulli- 
tion ;  and  will  be  much  more  remarkable  thnn  the  discharge  of  uir  from  another 
Teisel  of  common  sprinjg:  water,  confined  at  the  same  time  under  thf  receiver. 

703.  If  the  impregnated  water  be  rapidly  congealed,  by  sur-  f^^^^ 
rounding  it  with  a  mixture  of  snow  and  salt,  the  frozen  water 
has  more  the  appearance  of  snow  than  of  ice,  its  bulk  being 
prodigiously  increased  by  the  immense  number  of  air  bubbles. 

*  Qsorter/y  Journal  of  Science  amd  the  Jtrto^  vol.  iv.  p.  305. 

t  It  consists  of  three  vemels,  ihit  lowestf  a,  flat  and  broads  bo  as  to  form  a  itoady  support ;  it  con- 
tains the  materials  for  eyolving  the  fas,  such  as  pieces  of  marble  and  dilute  muriatic  acid,  of  which 
fresh  supplies  may  occasionally  be  introduced  through  the  stopped  aperture.  The  gas  pawes  through 
the  tube  d,  in  which  Is  a  glass  Talve  opening  upwards,  into  the  Teasel  e,  eontaintpg  tJio  water  or  solu- 
tion intended  to  be  saturated  with  the  gas,  and  which  may  occasionally  be  drawn  ofl*  by  the  •Iqbs 
stop-cock.  Into  this  dips  the  tube  of  the  up|iennost  vessel  d,  which  occasions  seme  prrsi-ure  on  th« 
gas  in  S|  and  also  produces  a  circulation  and  agitation  of  the  water.  At  the  top  of  «(  is  a  conical 
stopper,  which  acts  as  an  oeeasiopol  raJre,  and  keeps  up  a  degree  of  pressure  in  the  vessels. 
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When  water,  thus  congealed,  is  liquefied  again,  it  is  found,  by- 
its  taste,  and  other  properties,  to  have  lost  nearly  the  whole  of 
its  carbonic  acid. 
Fatal  to  ani-        704.  Carbouic  acid  gas  is  unrespirable,  and  is  fatal  to  animals. 

«^  "  Put  a  Djou^e  or  o!h<»r  SfuuU  aniraai  into  a  vc^wil  of  the  pae,  and  covtr  the 

vessel  to  prevent  the  contact  of  coainion  air;  the  animal  will  die  in  the  course 
of  a  minute  or  two.* 

Doeanotmip.      705.  It  extinculshes  flame. 

port  cumbiM-  " 

^®°*  This  may  be  »hown  b^  setting  a  vessel  filled   with  the  p^as  with  its  month 

upward!),  and  letting  down  a  lighted  candle.  The  candle  will  be  instantly 
extinti^uihhed. 

Exp.  The  experiment  may  be   varied   by  placing  near  the  vewel  containing  the 

carbonic  acid  ga«,  a  i^imilar  one  filled  with  oxygen  ga?,  and  if  the  candit  after 
being  fxiiiiguislied  by  the  carbonic  acid  be  fpeediiy  immersed  in  the  oxygen 
gas  it  will  be  relighted,  and  this  may  be  repeated  as  long  as  the  gases  remain 
in  the  vessel?. 

Heavier  thon      706.  Caibonic  acld  gas  is  heavier  than  atmospheric  air,  and 
atmoBphcnc    ^^^^,  ^^  pourcd  from  one  vessel  into  another  like  water. 

Exp.  Place  a  liuhted  taper  at  the  bottom  of  a  tall  gla^f^  jar,  and  pour  the  gai:  ont  of 

a  bottle  into  it;  it  descends  and  extinguishes  the  dame,  and  will  remain  a  long 
time  in  the  lower  part  of  the  jur. 

Hence  in  wells  and  in  some  caverns,  carbonic  acid  gas  fre- 
quently occu  ies  the  lower  parts,  while  the  upper  parts  are  free 
from  it.  Hence  also  the  precaution  used  by  the  sinkers  of 
wells,  of  letting  down  a  candle  before  they  venture  to  descend 
in  person.  The  miners  call  it  choak  damp. 
roMMfCfl  707.  When  combined  with  water  this  gas  reddens  vegetable 

oojiproiwr-  colours.  This  may  be  shown  by  dipping  into  water,  thus  im- 
pregnated, a  bit  of  litmus  paper,  or  by  mixing,  with  a  portion 
of  it  about  an  equal  bulk  of  thci infusion  of  litmus.  This  fact 
establishes  the  title  of  the  gas  to  be  ranked  among  acids. 
When  an  infusion  of  litmus  which  has  been  thus  reddened,  is 
either  heated,  or  exposed  to  the  air,  its  blue  colour  is  restored, 
in  consequence  of  the  escape  of  the  carbonic  acid.  This  is  a 
marked  ground  of  distinction  from  most  other  acids,  the  eflfect 
of  which  is  permanent,  even  after  boilijig. 
Trr^ofita  Carbonic  acid  gas  precipitates  lime-water — this  character  of 

preMuue.       the  gas  is  necessary  to  be  known,  because  it  affords  a  ready  test 
Ex[>.  of  the  presence  of  carbonic  acid,  whenever  it  is  suspected.     Pass 

the  gas  as  it  proceeds  from  the  materials,  through  a  portion  of 
lime  water.  This,  though  perfectly  transparent  before,  will 
instantly  grow  milky  :  Or,  mix  equal  measures  of  water  saturat- 
ed with  carbonic  acid,  and  lime  water.  The  same  precipitation 
will  ensue.  By  means  of  lime-water,  the  whole  of  any  quantity 
of  carbonic  acid,  existing  in  a  mixture  of  gases,  cannot,  how- 
ever, be  removed,  as  Saussure,  jun.  has  shown  ;  but  recourse 

*  By  means  of  tliifl  gw^  butterflies,  and  other  inwcts,  tlie  colours  of  w}iich  it  ii  dcairabie  to  prcMrve, 
for  i}ic  purpose  of  cabtnet  specimcnB,  may  bo  suffocated  bolter  than  by  the  common  mode  of  kUiins 
Ihcm  by  tho  lUmci  of  salpbor.    H. 
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must  be  had  in  order  to  effect  an  entire  absorption,  to  a  solu- 
tion of  caustic  potassa  or  soda.* 

As  all  common  combustibles,  such  as  coal,  wood,  oil,  wax,  Aproductof 
tallow,  &c.  contain  carbon  as  one  of  their  component  parts,  so 
the  combustion  of  the:$e  bodies  is  always  attended  by  the  pro- 
duction of  carbonic  acid. 

I.  Let  the  chimney  of  a  portable  furaaoe,  in  which  charcoal  is  barninfi^,  ^^p 
teriuia«ite,  at  a  distance  suflicienllj  remote  to  allow  of  its  being  kept  cool,  ia 
the  bottom  of  a  barrel,  provirled  with  a  mov^ablr  top,  or  of  a  lars:e  ^lass  vessel, 
haviDx  two  openings.  A  »m<ill  jar  of  lime  water  beiiic  let  down  into  the  tube 
or  vef*-el,  and  agitated,  the  lime-water  will  immediately  become  milky.  The 
gaii  will  al9o  extinguish  burnnig  bodies,  and  prove  fatal  to  animals  thdt  are  con- 
fioed  in  it. 

Hence  the  danger  of  exposure  to  the  fumes  of  charcoil,  which, 
in  several  instances  have  been  known  to  he  fatal.  These  fumes 
consist  of  a  mixture  of  carbonic  acid  and  nitrogen  gases  with  a 
very  small  proportion  of  oxygen  gas. 

2    Fill  the  pneiimato-chemicrtl  troii'gh  with  lime-water,  and  bum  a  candle,  in  Exp. 
ajar  filled  with  atmospheric  air,  over  the  lime  water  till  the  flame  is  extinguish- 
ed.    On  agitating  the  jar,  the  lime  water  will  become   milky.     The  same  ap- 
pearances will  take  place,  more  speedily   and  remarkably  if  oxygen  gas  be 
sttb^titated  for  common  air. 

The  carbonic  acid,  thus  formed  during  combustion,  by  its  ad- 
mixture with  the  residuary  air,  renders  it  more  unfit  for  sup- 
porting flame,  than  it  otherwise  would  be  from  the  mere  loss  of 
oxygen.  Hence,  if  a  candle  be  burnt  in  ox3^gen  it  is  extin- 
guished long  before  the  oxygen  is  totally  absorbed  ;  because  the 
admixture  of  carbonic  acid  with  oxygen  gas,  in  considerable 
proportion,  unfits  it  for  supporting  combustion.  Wheneverany 
substance,  by  combustion  in  oxygen  gas  or  co'nmbn  air  over 
]ime  water,  gives  a  precipitate,  soluble  with  effervescence  in 
muriatic  acid,  we  may  infer  that  it  contains  carbon.     H.  1.  351. 

708.  It  is  also  produced  by  the  respiration  of  animals;  hence  Andof  napi- 
it  is  detected  often  in  considerable  proportion,  in  crowded  and  '*"""' 
illuminated  rooms,  which  are  ill  ventilated,  and  occasions  diffi- 
culty of  breathing,  giddiness,  and  faintness. 

The  production  of  carbonic  acid,  by  respiration,  may  be  prov-  Exp. 
ed  by  blowing  the  air  from  the  lungs,  with  the  aid  of  a  quill, 
through  lime  water,  which  will  become  milky. 

709.  In  the  atmosphere  it  may  also  be  detected,  varying  in 
quantity  from  1  to  0,1  per  cent. 

710.  Carbonic  acid  retards  the  putrefaction  of  animal  sub-  ReturdA 
stances.     This  may  be  proved,  by  suspending  two  equal  pieces  J'"^'®*^**^'***'' 
of  flesh  meat,  the  one  in  common  air,  the  other  in  carbonic  acid 

gas,  or  in  a  small  vessel  through  which  a  stream  of  carbonic 
acid  is  constantly  passing.  The  latter  will  be  preserved  untaint- 
ed some  time  after  the  other  has  begun  to  putrefy. 

71 1.  Carbonic  acid  gas  exerts  powerful  effects  on  living vegeta-  itucfTocton 
bles.     These  effects,  however,  vary  according  to  the  mode  of  its  '''*°***'^®*" 

*  If  exceet,  either  of  the  gu  or  of  its  aqueoui  aolution,  be  added  to  tiie  lime  water,  tfa9  precipitate 
fa  ro-diMoIved,  carbonate  of  Ume  being  soluble  in  carbonic  acid. 
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application.  Water  saturated  with  this  gas,  proves  highly  nu- 
tritive, when  applied  to  the  roote  of  plants.  The  carbonic  acid 
is  decomposed,  its  carbon  forming  a  component  part  of  the 
vegetable,  and  its  ox^^gen  being  liberated  in  a  gaseous  form. 

On  the  contrary,  carbonic  acid,  when  a  living  vegetable  is 
confined  in  the  undiluted  gas  over  water,  is  injurious  to  the  health 
of  the  plant,  especially  in  the  shade.  The  late  Mr  Henry  long 
ago  found,  that  a  certain  quantity  of  this  gas,  applied  as  an 
atmosphere,  is  favourable  to  vegetation  ;  and  M.  Saussure  of 
Geneva,  has  determined  more  recently  that  the  mixture  of 
more  than  \  of  carbonic  acid  with  common  air  is  always  injuri- 
ous; but  that,  in  this  proportion,  it  produces  the  growin  of 
plants,  and  is  manifestly  decomposed. 

712.  It  is  this  process  of  nature  that  appears  to  be  the  prin- 
cipal means  of  preventing  an  excess  of  carbonic  acid  m  the 
general  mass  of  the  atmosphere,  which,  without  sofne  provision 
of  this  kind,  must  gradually,  in  the  course  of  ages,  be  rendered 
less  and  less  fit  for  respiration.  H.  1  353. 
ijqnofection.  713.  CurbonJc  acid  has  been  obtained  in  a  liquid  form  by  Mr 
Faraday.  The  materials  used,  were  carbonate  of  ammonia  and 
concentrated  sulphuric  acid ;  the  manipulation  was  like  that 
described  for  sulphuretted  hydro^^en.  Much  stronger  tubes  are 
however  required  for  carbonic  acid  than  for  any  of  the  substances 
already  noticed,  and  there  is  none  which  has  produced  so  many 
or  more  powerful  explosions.  Tubes  which  have  held  fluid  car- 
bonic acid  well  for  two  or  three  weeks  together,  have,  upon 
some  increase  in  warmth  of  the  weather,  spontaneously  explod- 
ed with  great  violence  ;  and  the  precaution  of  glass  masks, 
goggles,  &c.  which  are  at  all  times  necessary  in  pursuing  these 
experiments,  are  particularly  so  with  carbonic  acid. 

714.  Carbonic  acid  is  a  limpid  colourless  body,  extremely 
fluid,  and  floating  upon  the  other  contents  of  the  tube«  It  distils 
readily  and  rapidly  at  the  difference  of  temperature  between 
32°  and.O^.  Its  refractive  power  is  much  less  than  that  of 
water.  No  diminution  of  temperature  to  which  it  was  sub- 
mitted, altered  its  appearance.  In  endeavouring  to  open  the 
tubes  at  one  end,  they  uniformly  burst  into  fragments  with 
powerful  explosions. 

Its  vapour  exerted  a  pressure  of  thirty-six  atmospheres,  at  a 
temperature  of  32°.* 

715.  Carbonic  acid  combines  with  alkalies,  earths  and  metals, 
and  the  compounds  are  termed  carbonates:  as  it  is  usually 
retained  in  combination  by  very  feeble  affinity,  so  it  is  evolved 
from  most  of  the  carbonates  by  the  simple  operation  of  heat. 
Thus  chalk,  when  heated,  gives  out  carbonic  acid,  and  becomes 
quicklime.  It  is  also  evolved  from  its  combinations  by  most 
of  the  other  acids  ;  and  if  nitric,  muriatic,  or  sulphuric  acid,  be 
poured  upon  the  carbonates,  the  presence  of  carbonic  acid  is 
indicated  by  effervescence. 


diaractcn. 


farbnnatec' 


Eflfervet- 
c«iicc. 


♦  Faraday,  Phil.  Trans. 
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716.  If  carbonic  acid  be  passed  over  red-hot  charcoal,  it  be-  Deeompon- 
comes  converted  into  carbonic  oxide  by  taking  up  an  additional  ^^^ 
proportion  of  base.     The  blue  flame,  often  seen  upon  the  sur- 
face of  a  charcoal  fire,  arises  from  the  combustion  of  the  carbonic 

oxide  formed  in  this  way  ;  the  air  entering  at  the  bottom,  forms 
carbonic  acid,  which,  passing  through  the  red-hot  charcoalj  be- 
comes converted  into  carbonic  oxide. 

717.  At  a  bright  red  heat,  iron  decomposes  carbonic  acid,  by 
abstracting  a  portion  of  its  oxygen,  and  forming  oxide  of  iron 
and  carbonic  oxide. 

718.  Carbonic  Jicid  and  Ammonia. — These  gases  readily  JjjJjJjgJ®' 
combine,  and  produce  one  of  the  most  useful  and  best  known  of 

the  ammoniacal  compounds.  When  one  volume  of  carbonic 
acid  gas  and  two  volumes  of  ammonia  are  mixed  in  a  glass 
vessel,  over  mercury,  a  complete  condensation  ensues,  and  ear- 
bonate  of  ammonia  is  produced. 

As  100  cubic  inches  of  carbonic  acid  weigh  46,56  grains,  and  Compodiion. 
200  of  ammonia  36,36  grains,  in  all  82,92  grains,  carbonate  of 
ammonia  must  consist  of 


Carbonic  aoid    ....    56,S0 
Ammonia 43,80 


It  may  be  repreiented  thai 
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719.  If  water  be  present,  it  so  far  overcomes  the  elasticity  of  Bicubonate. 
the  gas,  as  to  enable  the  salt  formed  to  take  up  another  volume 

of  carbonic  acid,  and  thus  a  bicarbonate  is  formed. 

720.  Carbonate  of  ammonia  crystallizes  in  octoedrons  though 
it  is  generally  met  with  in  cakes  broken  out  of  the  subliming 
vessel,  being  obtained  by  sublimation  from  a  mixture  of  muriate 
of  ammonia  and  carbonate  of  lime. 

The  results,  however,  of  this  decomposition  are  not  strictly 
speaking,  carbonate  of  ammonia  and  muriate  of  lime,  but  car- 
bonate of  ammonia,  water,  and  chloride  of  calcium,  the  two 
former  being  in  combination,  so  that  a  hydrated  carbonate  C(f 
ammonia  is  always  obtained. 

26 
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Supposing  the  materials  perfectly  dry,  the  water  is  formed 
by  the  union  of  the  hydrogen  of  the  muriatic  acid  with  the 
oxygen  of  the  lime,  as  shown  in  the  following  diagram : 

Hydrated  Carbonate  of  Ammonia. 


Ammonia. 


Carbonic 
Acid. 


Water. 


/\ 
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Carbonate 
y  uf  Lime 


Moriatic  i  Hvdrogvn 
Acid.     \  Chiurine 


OTygon   ) 
Calcium  \ 
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Lime. 


Gftmpoiition. 


Chloride  of  Caleium. 

721.  Sesqui'Carbonate  of  Ammonia. Mr   Phillips   has 

shown*  that  the  carbonate  of  ammonia  of  commerce  (ammonias 
sub-carbonas  of  the  Lond.  Pharmacopoeia)  is  a  compound  of 

3  PropoKionala  of  Carbonic  acid    .     .    .     .     22  X  3  =  ^^ 

2  Ditto     .     .     .     AmmoDia 17  X  S  =  34 

2  Ditto    .    .    .    Water 9  X  2=18 

118 
Viewing  it  as  a  compound  of  1 J^  proportions  of  carbonic  acid| 
1  ammonia,  and  1  of  water,  it  has  been  called  by  Mr  Phillips  a 
sesqui'Carbonate,  and  if  this  view  be  unconnected  with  the 
notion  of  its  containing  the  fraction  of  an  atom,  there  can  be 
no  objection  to  the  name.  It  is  preferable,  indeed,  to  that  of 
subcarbonate,  which  should  be  reserved  for  the  compound,  of 
1  atom  of  acid  and  2  of  base. 

722.  When  the  sesqui- carbonate  is  fresh  prepared,  it  has  a 
crystalline  appearance  and  some  tr^sparency,  and  is  hard  and 
iBompact.  It  has  a  pungent  smel^iind  a  sharp  penetrating  taste, 
and  affects  vegetable  biuos  as  unbombined  alkalies  do.  It  dis- 
solves in  twice  its  weight  of  cold  or  an  equal  weight  of  boiling 
water*  When  exposed  to  the  atmosphere,  it  loses  weight  very 
&8t,  ceases  to  be  transTparent,  loses  its  odour,  becomes  brittle 
and  easily  reducible  to  powder;  (H.  1.  418.)  and  ceases  to  act 
upon  turmeric  paper.  In  this  state  it  may  be  (considered  as  an 
hydrated  bicarbonate  of  qmrnonta,  and  is  composed,  accord- 
ing to  Phillips,  of 

2  Proportionals  of  Carbonic  acid  .     .     .     .    22  X  S  ac  44 

1  Ditto     .    .    .     Ammoaia =r  17 

1  Ditto     .    .    .    Water 9X2=^18 

79    B. 

It  has  therefore  lost,  by  exposure,  1  atom  of  acid  and  one  atom 
of  base. 
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723.  By  varying  the  proportions  of  the  ingredients,  and  the 
regulation  of  the  heat,  it  is  possible  to  obtain  a  bi-carboiiate  at 
once  by  sublimation.* 

724.  Carbonic  Oxide  is  usually  obtained  by  subjecting  car-  Cftrbonie 
bonic  acid  to  the  action  of  substances  which  abstract  a  portion  ^^^^ 

of  its  oxygen.  Upon  this  principle,  carbonic  oxide  gas  is  pro-  Howobiam- 
duced  by  heating  in  an  iron  retort  a  mixture  of  chalk  and  char-  ed. 
coal ;  or  of  equal  weights  of  chalk  and  iron  or  zinc  filings.  It 
is  also  obtained  by  the  distillation  of  the  white  oxide  of  zinc 
with  one-eighth  of  its  weight  of  charcoal,  in  an  earthen  or  glass 
retort ;  from  the  scales  which  fly  from  iron  in  forging,  mixed 
with  a  similar  proportion  of  charcoal ;  from  the  oxides  of  lead^ 
manganese,  or,  indeed,  of  almost  every  imperfect  metal,  when 
heated  in  contact  with  powdered  charcoal.  It  may  also  be  ob- 
tained from  the  substance  which  remains  after  preparing  acetic 
acid  from  acetate  of  copper.  But  the  mixture  that  affords  it 
most  pure,  is  equal  parts  of  carbonate  of  baryta  and  clean  iron 
filings  ;  these  should  be  introduced  into  a  small  earthen  retort, 
.  so  as  nearly  to  fill  it,  and  exposed  to  a  red  heat :  the  first  por- 
tion of  gas  being  rejected  as  mixed  with  the  air  of  the  retort> 
it  may  aAerwards  be  collected  quite  pure. 

It  may  also  be  obtained  by  transmitting  carbonic  acid  gas 
over  charcoal  ignited  in  a  porcelain  tube.  The  acid  gas  com- 
bines with  an  additional  dose  of  charcoal ;  loses  its  acid  proper- 
ties; and  is  converted  into  carbonic  oxide.t 

725.  The  nature  of  this  gas  was  first  made  known  by  Mr 
Cruickshank,  of  Woolwich,  in  160:;^|  and  about  the  same  time 
it  was  examined  by  Messrs  Clement  and  Desormes.§ 

726.  It  is  lighter  than  common  air  in  the  proportion  of  0,9722  Froperti«f. 
according  to  Thomson,  or  0,9727  according  to  Berzelius  and 
Dulong  :   100  cubical  inches  weigh  30,19  grains  at  60^  F.  and 
barometer  30.     Its  specific  gravity  to  hydrogen  is  as  14  to  1. 

It  extinguishes  flame,  and  burns  with  a  pale  blue  lambent 
light,  when  mixed  with,  or  exposed  to  atmospheric  air.  The 
temperature  of  an  iron  wire  heated  to  dull  redness  was  found 
by  Sir  H.  Davy  sufficient  to  kindle  it.  A  mixture  of  two 
measures  with  one  of  common  air  may  be  exploded  by  a  lighted 
taper,  or  even  by  red-hot  iron  or  charcoal.     H.  1.  355. 

727.  It  is  extremely  noxious  to  animals ;  and  fatal  to  them  if 
confined  in  it.  When  respired  for  a  few  minutes,  it  prodqces 
giddiness  and  fainting.  || 

*  Jtn*al*  of  PhilM.  N.  8.  iii.  110. 

t  An  ingeniout  apparaliu,oontriv«d  by  M.  Baroal,  and  extremely  ueeful  for  tfaw  and  fimilar  porpoaes 
is  repretentcd  by  fig.  111.  A  ib  the  bottle  from  which  the  carbonic  acid  gas  is  extricated ;  C,  a  tube 
nearly  fiUed  with  pieces  of  chloride  of  calcium  to  attract  mouture  ;  F,  a  .evorberaijory  furnace  in  ™*  ^' 
whidi  throe  gun  barreb  z  z'  z''  are  placed,  containing  the  charcoal,  and  communicating  with  each 
other  by  glaas  tubes  dd;  ««,  the  tube  that  cooToys  tlie  carbonic  acid  gas  into  the  first  gan  barrel  z  ; 
lastly,  t  ^  tlie  bent  tube  by  which  the  carbonic  oxide  produced,  peases.  The  last  product  of  the 
distillation  is  the  purest,  but  still  contains  carbonic  acid,  which  must  be  separated  by  washing  the  gas 
with  Hme  Kquor. 

X  Nicholson's  4to  Journali  t.  $  Jlnuakt  de  CAimie,  xxwu  U  Bee  PkU'  Mag.  zliii.  367. 
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728.  When  a  stream  of  carbonic  oxide  is  barnt  under  a  dry 
,  belKglass  of  air  or  oxygea^  no  moisture  whatever  is  deposited, 
showing,  that  it  contains  no  hydrogen. 
DctooatM  729,  When  two  volumes  of  carbonic  oxide,  and  one  of  oxy- 

ozygw.  ^^^  ^^  acted  on  by  the  electric  spark,  a  detonation  ensues,  and 
two  volumes  of  carbonic  acid  are  produced.  Whence  it  appears, 
that  carbonic  acid  contains  just  twice  as  much  oxygen  as  car- 
bonic oxide,  which  may  be  considered  as  a  compound  of  one 
volume  of  oxygen  and  one  volume  of  gaseous  carbon  ;  or  of  one 
proportional  of  carbon  and  one  of  oxygen,  the  latter  being  so 
expanded  as  to  occupy  two  volumes. 

730.  Carbonic  oxide  suffers  no  change  by  being  passed  and 

repassed  through  a  red-hot  porcelain  tube ;  nor  is  it  decomposed 

at  high  temperatures  by  phosphorus,  sulphur,  nor  even,  accord- 

Booompod-    in^  to  the  experiments  of  Saussure,  by  hydrogen.*     But  when 

^'>*  previously  mingled  with  an  equal  bulk  of  hydrogen  gas,  and 

passed  through  an  ignited  tube,  the  tube  becomes  lined  with 

charcoal.     In  this  temperature,  the  hydrogen  attracts  oxygen 

more  strongly  than  it  is  retained  by  the  charcoal,  and  water  is 

formed. 

bypotiiMiiim,      731.  None  of  the  metals  exert  any  action  upon  this  gas,  ex- 

•oiiwa,        |»ep^  potassium  and  sodium,  which  at  a  red  heat,  burn  in  it  by 

abstracting  its  oxygen,  and  carbon  is  deposited, 
•ndapongy  '^^2.  When  a  mixture  of  carbonic  oxide  with  more  than  half 
i»utinum.  its  volume  of  oxygen  gas,  is  exposed  over  mercury,  in  contact 
with  spongy  platinum,  to  a  temperature  between  300^  and  310^ 
F.  it  begins  to  be  converted  into  carbonic  acid,  and  at  a  heat 
of  a  few  degrees  higher  is  wholly  acidified  in  the  course  of  a 
few  minutes.  Mixtures  of  these  two  gases  are,  however,  very 
slowly  acted  upon  by  the  platinum  sponge  at  common  tempera- 
tures. 

When  carbonic  oxide  is  added,  in  an  equal  volume,  to  a  mix- 
ture of  hydrogen  and  oxygen  gases  in  explosive  proportions, 
it  prevents  spongy  platinum  from  causing  detonation,  but  the 
agency  of  the  gases  on  each  other  goes  on  slowly,  and  both 
water  and  carbonic  acid  are  formed.  Into  a  mixture  of  carbonic 
oxide  with  a  larger  proportion  of  the  explosive  mixture,  the 
platinum  sponge  cannot  be  introduced  without  causing  detona- 
tiont 
CompotUioii.  '7^^*  According  to  Mr  Cruickshank,  it  contains  per  cent, 
about  70  oxygen,  and  30  carbon  by  weisht :  or  the  former  is 
to  the  latter  as  21  to  8,6,  or  as  21  to  9.  tray-Lussac  however, 
makes  it  to  consist  of  43  charcoal  and  57  oxygen ;  Berzelius 
of  44,28  charcoal  and  55,72  oxygen,  proportions  which  agree 
within  a  small  fraction  with  those  of  Clement  and  Desormes. 
On  the  theory  of  volumes,  it  consists  of  half  a  volume  of  oxy- 
gen and  1  volume  of  gaseous  carbon,  condensed  into  1  volume ; 
and  as  each  of  those  quantities  is  equivalent  to  an  atom,  it  may 

•  J0finuid»  Pkgiifut,  It.  t  Pi^  TrmB-  IBM,  p.SH. 
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be  stated  to  consist  of  an  atom  of  oxygen  s  8  +  an  atom  of 
charcoal  s  6»  together  14.  Its  specific  gravity  should  then  be 
found  by  adding  half  the  sp.  gr.  of  oxygen  to  the  sp.  gr.  of 
gaseous  carbon,  viz.  0,4166  +  0,5555  =  0,9721.     H.  1.  356. 

734.  Carbon  and  Chlorine. — Mr  Faraday  has  ascertained 
that,  by  exposing  carburetted  hydrogen,  mixed  with  great  excess 

of  chlorine,  to  the  action  of  light,  a  white  crystalline  substance  unbn  oral- 
is formed,  which,  wben  purified  by  washTng  with  water,  is  a  rim. 
perehloride  of  carbon,* 

735.  This  substance  is  nearly  tasteless;  its  odour  resembles 
camphor ;  its  specific  gravity  is  about  2 ;  it  is  a  nonconductor 

of  electricity.  It  is  volatile,  and  in  close  vessels  fuses  at  320^,  ProperUec 
and  boils  at  360^.  It  is  not  very  combustible,  but  burns  when 
held  in  the  flame  of  a  spirit  lamp,  with  the  emission  of  much 
smoke  and  acid  fumes.  It  is  very  sparingly  soluble  in  water, 
but  readily  soluble  in  alcohol  and  ether ;  these  solutions  deposit 
arborescent  and  quadrangular  crystals.  It  also  dissolves  in 
volatile  and  fixed  oils.  It  is  scarcely  acted  upon  by  alkaline 
and  acid  solutions  ;  but  most  of  the  metals  decompose  this  sub- 
stance at  a  red  heat.  Potassium  burns  brilliantly  in  its  vapour, 
causing  the  deposition  of  carbon,  and  the  production  of  chloride 
of  potassium.     The  metallic  oxides  also  decompose  it  at  high 

*  To  proenre  this  subtiaooe  a  retort  or  other  gla«  venel  of  the  c^wcitj  of  about  SBOO  cubic  inehee,  Proeeai. 
prorided  with  a  bran  cap  and  stop  cock,  ia  first  to  be  exhausted  by  the  air  pump,  and  then  made  to 
CMBmunieate  with  a  jar  filled  with  chlorine.  It  is  inait  to  be  screwed  oo  a  Teasel  ftill  of  olefiaat  fas, 
■ad  aa  moeh  as  can  find  admiasion  haTinf  entered,  the  eoek  ia  to  be  shut,  and  the  whole  left  for  n 
■hoit  tiBM.  When  the  fluid,  compoaed  of  chlorine  and  olefiant  gases,  has  formed  and  condensed  on 
tfie  sides  of  the  voasel,  the  Twsel  is  again  to  be  placed  over  olefiant  gas,  and  a  further  portion  admitted. 
This  pcooen  is  to  be  repeated,  tiD  all  the  chlorine  haa  united  to  form  the  fluid,  and  the  Teasel  remaina 
fuD  of  oMUnt  gaa.  C!hloriiie  ia  then  to  be  admitted  by  repeated  portions,  in  oonaequenee  of  which 
flKNTB  of  the  fluid  ia  formed,  and  nhimately  a  large  portion  b  obtained,  with  an  atmoaphere  of  chlorine 
■bove  it.  The  vesael  is  now  to  be  exposed  to  the  sun's  rays,  which  cause  the  immediate  formation 
of  muriatic  acid  gas.  Tbis  may  be  absorbed  by  admitting  a  small  portion  of  water;  and  then  another 
atasoq»bere  of  chlorine  is  to  be  introduced.  Again  eaipoeed  to  the  light,  tbis  will  partly  combine  with 
tte  earboo,  and  partly  form  muriatic  acid  gaa,  which,  beiog,  as  before,  abaoibed  by  water,  leuTea 
space  §M  flMne  chlorine.  Rapeating  this  action,  the  fluid  gradually  becomes  thick  and  opaque,  from 
tiie  forawrioo  of  crystals  'm  it,  which  at  last  adhere  to  the  sides  of  the  Teasel  as  it  is  turned  round : 
and  ultimately  the  vessel  contains  only  chlorine,  with  the  accumulated  impuritiee  of  the  gases ;  a 
slroaff  solution  of  murtatie  acid  coloured  Uue  by  its  action  oo  the  brass;  and  the  aoUd  aubataaoe  in 


In  Older  to  cleanse  the  aubstance,  the  remaining  gaaea  are  first  to  be  blown  out  of  the  Teasel  by  a 
pair  of  bellows,  and  the  Teasel  b  then  to  be  filled  with  water  to  wash  away  the  muriatic  acid  and  other 
■ohUe  mattera.  The  new  sufaetanoe  b  then  to  be  detached  from  the  inaide  of  the  Teasel,  and  poured 
with  the  water  into  ajar.  A  fitile  alcohol  will  remoTO  the  last  poriiona  whieh  adhere  to  the  glass, 
and,  when  poured  into  the  water,  will  predpitale  the  new  compound,  which  must  be  collected  on  a 
Sher  and  dried  a«  much  as  possible  by  pressure  between  folds  of  bibulous  paper.  It  must  next  be 
introduced  into  a  glass  tube,  and  sublimed  by  a  spirit  lamp.  A  part  will  be  decomposed,  and  the 
■nbHroed  portion  b  to  be  dissdved  in  alcohol,  and  poured  into  a  weak  eolation  of  potaasa,  by  which 
Ihe  new  substance  b  thrown  down,  and  the  muriatie  acid  neutralised  and  separated.  Then  waah 
nway  the  potassa  and  murii^  by  repeated  affusions  of  water,  until  the  substance  remains  pure ; 
collect  it  on  a  filter  and  dry  it,  fiiat  by  prsasure  between  folds  of  paper,  and  afterwards  by  sulphuric 
add  under  the  exhausted  receiTer  of  an  air  pump. 

It  wiU  now  appear  aa  a  white  pulToruIent  substance ;  and,  if  perfectly  pure,  will  not,  when  a  little 
in  euhtimed  in  a  tube,  leaTe  the  slightest  trace  of  carbon,  or  aJRird  any  muriatic  acid.  A  small  portion, 
diaaolTed  in  ether,  should  giTe  no  precipitate  with  nitrate  of  silver.  If  not  q<iite  pore,  it  must  be  rs- 
■abiiwdi  washed)  ao4  dried,  aa  often  as  b  nec<Mary.    H.  1*398. 
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temperatures,  producing  metallic  chlorides,  and  carbonic  acid  or 
oxide,  according  to  the  proportion  of  oxygen  present ;  no  water 
is  produced,  showing  the  absence  of  hydrogen  in  the  compound. 
736.  In  forming  this  substance,  Mr  Faraday  believes  that  five 
volumes  of  chlorine  gas  saturate  one  of  olefiant,  and  produce 
four  volumes  of  muriatic  acid  gas ;  that  three  volumes  of  the 
chlorine  combine  wjth  the  two  volumes  of  charcoal  existing  in 
the  olefiant  gas  Xofovm  the  crystalline  solid  ;  and  that  when 
chlorine  acts  on  the  fluid  compound  of  chlorine  and  olefiant  gas, 
for  eY^ry  volume  of  chlorine  that  combines,  an  equal  volume  of 
hydrogen  is  separated.  The  results  of  its  decomposition  by 
per-oxide  of  copper,  confirm  these  views^  and  tend  to  establish 
Compotttion.  that  the  composition  of  per-chloride  is 

3  atoms  of  chlorine ^  108 

S  diUo  of  carbon ss:    12 


Froto-chlo- 
ndeof  coz* 
koos 


Sub-chlorido 
of  carbon. 
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Weight  of  its  atom 


120.    H.360. 


737.  When  the  above  perchloride  of  carbon  is  passed  through 
a  red-hot  tube,  containing  fragments  of  rock-crystal  to  increase 
the  heated  surface,  it  gives  off  a  portion  of  chlorine,  and  is  con- 
verted into  a  liquid  protochloride  of  carbon.  It  is  a  limpid 
colourless  fluid,  specific  gravity  1,55,  and  not  combustible,  ex- 
cept retained  in  the  flame  of  the  spirit-lamp,  when  it  burns 
with  a  yellow  flame,  much  smoke,  and  fumes  of  muriatic  acid. 
It  does  not  congeal  at  0^ ;  it  rises  in  vapour  at  about  165^.  It 
is  insoluble  in  water,  but  soluble  in  alcohol,  ether,  and  the  oils. 
It  is  not  affected  by  the  acids  or  alkalies,  nor  at  common  temper- 
atures, by  solutions  of  silver.  It  dissolves  chlorine,  iodine, 
sulphur,  and  phosphorus.  It  affords,  when  decomposed,  17 
carbon  -|-  83  chlorine;  whence  it  may  be  inferred  to  consist  of 


1  ProportioDal  carbon  . 
1  Ditto  chlorine 


=    6 
=  36 
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738.  Suh-chloride  of  Carbon, — A  third  compound  of  chlo- 
rine and  carbon  was  brought  from  Sweden  by  M.  Julin,  of 
Abo,  where  it  had  been  accidentally  formed  during  the  distilla- 
tion of  nitric  acid  from  crude  nitre  and  sulphate  of  iron.  The 
quantity  produced  at  each  process  did  not  exceed  a  few  grains, 
which  condensed  in  fine  white  feathery  crystals  in  a  glass  tube 
connecting  the  first  and  second  receiver.  Its  properties  are 
described  by  M.  Julin  as  follows  :* 

739.  It  is  white ;  consists  of  small  soft  adhesive  fibres ;  sinks 
slowly  in  water ;  is  insoluble  in  it  whether  hot  or  cold  ^  is  taste- 
less ;  has  a  peculiar  smell,  somewhat  resembling  spermaceti ;  is 
not  acted  upon  by  concentrated  and  boiling  acids  or  alkalies, 
except  that  some  of  them  dissolve  a  small  portion  of  sulphur ; 
dissolves  in  hot  oil  of  turpentine  and  in  alcohol,  but  most  of  it 


*  .fun.  ^  PkiU  N.  8.  i.  Slfr 
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crystallizes  in  needles  on  cooling;  burns  in  the  flame  of  a  lamp 
with  a  greenish  blue  flame,  and  a  slight  smell  of  chlorine ;  when 
heated  melts,  boils,  and  sublimes  between  350^  and  450°  Fahr., 
or  sublimes  slowly  at  a  heat  of  250°,  forming  long  needles. 
Potassium  burns  with  a  vivid  flame  in  its  vapour,  and  charcoal 
is  deposited  ;  and  a  solution  of  the  residuum  in  nitric  acid  gives 
a  copious  precipitate  with  nitrate  of  silver. 

740.  A  small  quantity  of  this  substance,  having  been  put  into 
the  hands  of  Messrs  R.  Phillips  and  Faraday,  has  been  made 
by  them  the  subject  of  analysis.  They  found  that  it  might 
readily  be  purified  from  sulphur  by  boiling  in  liquid  potassa, 
washing  in  water,  drying  and  subliming,  when  it  formqd  beauti- 
ful acicular  crystals,  in  the  form  of  four-sided  prisms. 

741.  It  was  decomposed  into  chlorine  and  charcoal  by  being  Deeompoii- 
passed  over  red  hot  fragments  of  rock  crystal.      Its  vapour,  '*°°* 
being  detonated  over  mercury  with  excess  of  oxygen,  gave  car- 
bonic acid  gas  and  chloride  of  mercury.     When  heated  with 
phosphorus,  iron,  or  tin,   chlorides  of  those  substances  were 
formed,  and  charcoal  deposited.     Its  analysis  was  effected  in 

two  ways ;  by  being  transmitted  over  ignited  peroxide  of  cop- 
per, and  over  dry  quick-lime.  Both  processes  gave  results 
which  conspire  to  show  that  it  is  constituted  of 

1  atom  of  cblorine       .........     36 

S  atoms  of  carbon 12 

Weight  of  its  atom 48 

Messrs  Phillips  and  Faraday  have  not  given  any  name  to 
this  compound.  It  may  be  called,  provisionally^  the  sub-chlo- 
ride of  carbon. 

642.  Thus  we  have  three  distinct  compounds  of  chlorine  and 
carbon,  viz. 

A t.  of  Chlor .    A  t.  of  Carb. 

The  per-chloride 3-4-2 

The  proto-chloride .14-1 

The  Bub-chluride 1     -|-    2 

It  is  probable  that  another  chloride  of  carbon  will  hereafter 
be  found,  consisting  of  two  atoms  of  chlorine  and  one  of  carbon. 
H.  1.  362. 

743.  Chlaro-carbonic  Acid — Phosgene  gas. — When  equal  carbon  with 
volumes  of  chlorine  and  carbonic  oxide  gases,  both  previously  c*'^«"Be 
dried  by  fused  chloride  of  calcium,  are  introduced  into  a  flask  cbioro-csr> 
which  has  been  exhausted  of  air,  and  are  then  exposed  to  bright 
sunshine  for  a  quarter  of  an  hour,  combination  takes  place,  the 
colour  of  the  chlorine  disappears,  and  the  constituent  gases  are 
condensed  into  half  their  united  volumes.     Hence  its  specific 
gravity  must  be  equal  to  the  specific  gravity  of  chlorine  2^5  + 
that  of  carbonic  oxide  0,9722  =  3,4722,  and   100  cubic  inches 
must  weigh  105,9  grains.*     Being  produced  by  the  agency  of 
light,  it  was  called  by  Dr  J.  Davy  phosgene  gas,  but  as  it 

«  105,9090.    8p.gr.  3,125  oxygens  1.    T. 
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exhibits  distinctly  acid  properties,  it  has  since  been  better  term- 
ed chloro-carbonic  acid.  It  is  constituted  of  an  atom  of  carbon, 
an  atom  of  oxygen,  and  an  atom  of  chlorine*  Its  equivalent^ 
therefore,  is  14  +  36  =  50. 

It  has  a  peculiar  pungent  odour  and  excites  a  copious  flow  of 
tears.  It  reddens  litmus  paper.  By  contact  with  water,  it  is 
resolved  into  muriatic  and  carbonic  acid  gases.  It  condenses 
four  times  its  volume  of  ammoniacal  gas,  producing  a  white 
neutral  salt  from  which  the  more  powerful  acids  disengage 
muriatic  and  carbonic  acids,  but  acetic  acid  dissolves  it  without 
effervescence.  Several  of  the  metals  decompose  it,  and  unite 
with  the  chlorine,  evolving  carbonic  oxide  equivalent  in  volume 
to  the  original  gas. 

Ghloro-carbonic  acid  gas  affords  then  an  example  of  an  acid 
with  a  simple  base,  and  two  acidifying  principles,  oxygen  and 
chlorine,  which  are  not  often  united  in  the  performance  of  this 
function.     H.  I.  363. 

744.  Carbon  and  Hydrogen  cannot  be  made  to  unite  by 
heating  charcoal  in  hydrogen  gas,  for  the  cohesive  attraction  of 
the  particles  of  the  charcoal  prevents  the  combination.  It  may 
be  effected,  however,  by  exposing  to  a  high  temperature  some 
of  the  solid  and  liquid  compounds  of  hydrogen  and  charcoal, 
and  it  is  produced  also  by  several  natural  operations,  especially 
by  animal  and  vegetable  putrefaction. 

Hitherto  only  two  distinct  and  well  characterized  compounds 
of  carbon  and  hydrogen  have  been  investigated  so  as  fully  to 
satisfy  us  of*  their  properties  and  the  proportions  of  their  ele- 
ments. .  The  first  is  called  simply  earburetied  hydrogen,  and 
the  second  is  most  commonly  known  by  the  name  of  olejiani 
gas.  Besides  these  a  third  has  been  pointed  out  by  Mr  Dalton, 
as  entering  into  the  composition  of  oil  and  coal  gas,  to  which 
he  proposes  that  the  name  of  super^lefiani  gas  should  be  pro- 
visionally given.  It  is  probable  that  besides  these,  other  aeri- 
form compounds  of  carbon  and  hydrogen  exist.  By  the  destruc- 
tive distillation  of  solid  and  liquid  compounds  of  carbon  and 
hydrogen,  it  is  seldom  that  we  obtain  any  one  of  these  gases 
separately,  but  in  most  cases  a  mixture  of  two  or  more.  Hence 
there  is  an  almost  infinite  variety  in  the  specific  gravity  and 
composition  of  gases  thus  obtained,  which  has  given  occasion  to 
the  opinion  that  charcoal  and  hydrogen  are  capable  of  combining 
in  every  proportion.  There  can  be  no  doubt,  however,  that 
these  apparently  numerous  compounds  are  mixtures  of  a  few 
only ;  and  that  combinations  of  charcoal  and  hydrogen  take 
place  in  definite  proportions  only,  with  this  peculiarity,  that 
they  differ  from  each  other  not  so  much  in  the  relative  propor- 
tions of  their  elements,  as  in  the  numbers  of  volumes  or  atoms 
condensed  into  a  given  volume.     H.  1.  421. 

745.  Carbureited  hydrogen  is  sometimes  called  heavy  in* 
flammable  air,  gas  of  marshes^  hydro-carbtirety  proto-car-^ 
burei  of  hydrogen,  9ind  has  been  termed  by  Dr  Thomson 
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in-hydroguret  of  carbon.  This  gas  may  be  collected,  mixed 
however  with  carbonic  acid,  and  nitrogen  gases,  by  stirring  the 
bottom  of  almost  any  stagnant  pool  of  water,  especially  if  form- 
ed of  clay.  It  should  be  washed  when  collected  with  lime 
water  or  liquid  pbtassa.* 

746.  Carburetied  hydrogen  is  permanent  over  water ;  it  has  PropwtiM. 
very  little  odour  and  its  specific  gravity  is  0,555,  hence  100 
cubic  inches  weigh  16,95  grains.     When  set  on  fire  as  it  issues 

from  a  small  orl^ce,  it  burns  with  a  yellow  flame,  giving  out 
vastly  more  light  than  hydrogen  gas. 

747.  Mixed  with  atmospheric  air  it  may  be  kindled  by  a  DotonAUon 
lighted  taper,  and  it  explodes  with  violence,  provided  it  forms  Z^j^'pS^ 
not  less  than  y^jth  of  the  mixture,  and  does  not  exceed  jth. 

With  oxygen  gas  the  detonation  is  louder  and  more  violent ;  but 
it  is  necessary  that  the  oxygen  should  rather  exceed  the  inflam- 
mable gas  in  volume,  and  yet  should  not  be  more  than  2^  times 
its  bulk.  For  its  perfect  combustion  more  than  twice  its  volume 
of  oxygen  gas  is  required,  of  which  exactly  two  volumes  are 
consumed,  and  carbonic  acid  is  produced,  equivalent  in  volume 
to  the  inflammable  gas. 

748.  It  is  composed  of  2  volumes  of  hydrogen  and  1  volume  Compotitio*. 
of  ffaseous  carbon,  condensed  into  1  volume.     But  1  volume  of 
hydrogen  requiring  half  a  volume  of  oxygen  to  form  water,  the 
atomic  constitution  of  carburetted  hydrogen  will  be  I  atom  of 
charcoal  (==  6)  -f-  2  atoms  of  hydrogen  (=  2)  and  the  compound 

atom  will  weigh  8.  From  this  view  of  its  constitution  the  name 
proposed  by  Br  Thomson  is  most  appropriate.     H    1.  423. 

749.  Chlorine  and  carburetted  hydrogen  do  not  act  on  each  Action  of 
other  at  common  temperatures,  when  quite  dry,  even  if  they     *""*** 
are  exposed  to  the  direct  solar  rays.     If  the  gases  are  moist,  and 

the  mixture  is  kept  in  a  dark  place,  still  no  action  ensues  ;  but 
if  light  be  admitted  decomposition  follows.  The  nature  of  the 
products  depends  on  the  proportion  of  the  gases.  If  4  measures 
of  chlorine  and  1  of  carburetted  hydrogen  are  present,  carbonic 
and  muriatic  acid  gases  will  be  produced.  When  3  measures 
of  chlorine  are  present  carbonic  oxide  is  formed,  one  half  less 
water  being  decomposed.     U. 

750.  When  a  mixture  of  chlorine  and  carburetted  hydrogen 
are  electrized  or  exposed  to  a  red  heat,  muriatic  acid  is  formed, 
and  charcoal  deposited. 

751.  Bi'Carburetted  Hydrogen — Olejiant  Gas. — This  gas  Bi-wburft- 
was  discovered  in  1796,  by  some  associated  Dutch  chemists,  and  ^^y^"'^^^ 
was  termed  by  them  olcfiant  gas,  from  its  property  of  forming 

an  oily  looking  liquid  with  chlorine.  It  has  since  been  called'^^t- 
earburetted  or  per-carbureited  hydrogen,  and  by  Dr  Thomson 
hydroguret  qf  carbon. 

752.  It  is  usually  obtained  by  the  decomposition  of  alcohol  Howobuia- 
by  sulphuric  acid.     For  this  purpose  four  parts  of  the  acid  and 

*  Mr  Brmnde  ooisiden  thu  Md  the  varietica  to  bo  Iiereaflor  described  u  mixuuet  of  olefiant  (a« 
Cad  hydrofoa: 
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one  of  alcohol  are  put  into  a  retort,  and  heated  by  a  lamp. 
Soon  after  the  mixture  boils  the  gas  is  evolved.  It  may  be 
collected  over  water;  its  specific  gravity  to  hydrogen  ia  14. 
100  cubic  inches  wei^h  29,64  grains. 

753.  This  gas  is  inflammable,  burning  with  a  bright  yellow- 
ish white  flame.  When  mingled  with  oxygen  gas,  it  explodes 
with  great  violence.  One  part  by  volume  requires,  for  perfect 
combustion,  three  of  oxygen  ;  and  two  of  carbonic  acid  are  pro- 
duced. But  to  insure  the  perfect  combustion  of  the  inflamma- 
ble gas,  it  should  be  mixed  with  5  times  its  bulk  of  oxygen,  of 
at  least  90  per  cent,  purity. 

754.  Calculating  the  constitution  of  this  gas,  from  the  oxygen 
spent  in  its  combustion  and  the  carbonic  acid  formed,  Dr  Henry 
states  its  composition  as  follows, 

Volt.         Tolt.       At.  of  At.  of 
of  Carb.      of  Uyd.     Carb.    Hjd. 

In  each  volame  >  S-f-SssS-I^S 

of  olefiant  gas.  >  Weight  of  the  atom  of  defiant  gas  12 -|- 2  ^14. 

755.  When  olefiant  and  chlorine  gases  are  mixed  together  in 
equal  quantities,  an  immediate  diminution  ensues ;  and  this  effect 
takes  place,  even  when  the  vessel  is  shaded  from  the  light  by 
an  opake  cover.  It  is  therefore  wholly  independent  of  the 
agency  of  lighl  and  may  be  made  the  basis  of  a  method  of 
analyzing  a  mixture  of  olefiant  and  carburetted  hydrogen  gases. 
For  of  the  diminution  thus  produced,  one  half  is  due  to  the 
olefiant,  and  one  half  to  the  chlorine ;  those  gases  having  been 
ascertained  to  saturate  each  other  in  equal  volumes.* 

756.  By  the  action  of  chlorine  gas,  a  liquid  substance  is 
formed,  in  appearance  very  much  resembling  oil,  and  which, 
being  at  first  mistaken  for  oil,  occasioned  this  gas  to  be  called 
olefiant.  It  possesses  however,  very  different  properties  from 
those  of  oil,  and  more  nearly  approaches  in  character  to  ether. 
It  ma}'  be  collected  by  using  large  quantities  of  the  two  gases, 
taking  care  to  have  an  excess  of  olefiant  gas,  and  it  may  be 
purified  by  washing  it  with  water,  and  then  distilling  it  from 
dry  chloride  of  calcium. 

757.  It  has  an  agreeable  ethereal  smell,  and  a  not  unpleasant 
taste.  Its  specific  gravity  at  45^  F.  is  1,2201  ;  it  boils  at  152®. 
It  consists  of  1  vol.  of  chlorine  -}-  1  vol.  of  olefiant  gas  con- 
densed into  1  vol.  or  of  2  atoms  of  olefiant  gas  -}- 1  atom  of 
chlorine.  It  has  been  called  by  Dr  Thomson  chloric  ether^  but 
a  more  appropriate  name  would  be  hydro-chloride  of  carbon. 

758.  When  olefiant  gas  is  mixed  with  eight  or  nine  times  its 
bulk  of  chlorine,  and  exposed  to  the  sun's  rays,  at  first  the  fluid 
hydro-chloride  of  carbon  is  formed,  and  this,  by  continuing  the 
exposure,  is  changed  into  per-chloride  of  carbon. 

HydTiodidsof      759.  When  iodine  and  olefiant  gas  are  exposed  to  the  action 

carbon.         q^  jig^t  they  comblnc,  and  form  a  hydriodide  of  carbon.     This 

compound  was  first  obtained  by  Mr  Faraday.     It  is  a  white 


origin  of  tho 
name. 


Chloric  ether. 


*  For  Ui«  detoili  of  this procosa,  see  Henry *i  CA«aiu£ry.  Edit  lOtfa,  toI.  l.p.  49S. 
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crjrstalline  solid,  yolatile  and  io  many  respects  analogous  to  the 
hydroehloride  of  carbon.  It  appears  to  consist  of  1  atom  of 
iodine  -f  2  atoms  of  olefiant  gas.* 

760.  M.  Serrulas  has  also  discovered  a  compound  of  olefiant 
gas  and  iodine.  It  has  a  yellow  colour  like  sulphur,  and  forms 
scaly  crystals  of  a  pearly  lustre.  It  was  originally  prepared  by 
adding  potassium  to  a  solution  of  iodine  in  alcohol ;  but  has 
been  since  made  by  mixing  a  solution  of  pure  potassa  in  alcohol 
with  an  alcoholic  solution  6f  iodine.  The  object  of  both  pro- 
cesses being  to  present  iodine  in  solution  to  olefiant  gas  in  a 
nascent  state.t 

761.  Mr  Dalton  has  given  the  name  of  Super-olefiant  gas,  sopMHoieft- 
to  a  e^as  not  yet  exhibited  in  a  separate  form  but  mingled  with  •*^^f^ 
others  in  the  aeriform  products  of  coal,  oil,  &c.     According  to 

the  experiments  of  Dr  Henry  it  probably  consists  of  3  vols. 
of  gaseous  carbon  and  3  vob.  of  hydrogen  condensed  into  1 

volume4 

762.  The  gases  above  described  are  abundantly  produced  Coai-gw. 
daring  the  destructive  distillation  of  common  pit-coal ;  and  the 

gas  thus  obtained  is  employed  for  the  purposes  of  illumination, 
as  an  economical  substitute  for  tallow,  oil,  &c.  The  coal  is 
placed  in  oblong  cast-iron  cylinders,  or  retorts,  which  are  ranged 
in  furnaces  to  keep  them  at  a  red  heat,  and  all  the  volatile  pro^ 
ducts  are  conveyed  by  a  common  tube  into  a  condensing  vessel, 
kept  cold  by  immersion  in  water;  and  in  which  the  water,  tar, 
ammoniacal,  and  other  condensible  vapours,  are  retained ;  the 
gaseous  products  consist  principally  of  carburetted  hydrogen, 
sulphuretted  hydrogen,  and  carbonic  oxide  and  acid  ;  these  are 
passed  through  a  mixture  of  quicklime  and  water  in  vessels 
cMed  purifierSy  by  which  the  sulphuretted  hydrogen  and  car- 
bonic gases  are  absorbed,  and  the  carburetted  hydrogen  and 
hydrogen  gases,  transmitted  sufficiently  pure  for  use  into  gasom^ 
eierSf  whence  the  pipes  issue  for  the  supply  of  streets,  houses, 
&c.    The  coke  remaining  in  the  retorts  is  of  a  very  good  quality. 

763.  The  specific  gravity  of  coal-gas  varies  from  0,443  to  speciserrav. 
0,700.     100  cubical  inches  weigh  from  14  to  15  grains,  and  it  ^^^' 

may  be  considered  as  a  mixture  of  about  55  volumes  of  hydro- 
gen, and  45  of  olefiant  gas. 

764.  The  best  kind  of  coal  for  distillation  is  that  which  con- 
tains most  bitumen  and  least  sulphur;  112  pounds  of  good  coal 
are  capable  of  yielding  from  450  to  500  cubic  feet  of  gas  of 
such  quality,  that  half  a  cubic  foot  per  hour  is  equivalent  to 
a  mould  candle  of  six  to  the  pound,  burning  the  same  space  of 
time.    H. 

765.  Messrs  J.  and  P.  Taylor  have  constructed  an  apparatus  oiifM- 
for  the  conversion  of  oil  into  gas.     It  consists  of  a  furnace  with 

a  contorted  iron  tube  containing  fragments  of  brick  or  coke, 
passing  through  it,  into  which,  when  red-hot,  the  oil  is  sufiered 
to  drop ;  it  is  decomposed,  and  converted  almost  entirely  into 

*.QMr(.  Jmr.  tin.  499.       t  Aw.  U  Cknh  ti  d$  PAy«.  zx.  and  zxii.       X  PhU,  7r«m.  1631, 156. 
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charcoal,  which  is  deposited  in  the  tube,  and  into  a  mixture  of 
oarburetted  hydrogen,  and  hydrogen  gases,  of  which  one  volume 
may  be  regarded  as  equivalent  to  two  of  coal-gas,  for  the  pro- 
duction of  light.*t 

The  commonest  whale  oil,  quite  unfit  for  burning  in  the^usual 
way,  affords  abundance  of  excellent  gas,  requiring  no  other  puri- 
fication than  passing  through  a  refrigerator  to  free  it  from  a 
quantity  of  empyreumatic  vapour. 

766.  A  gallon  of  whale-oil  affords  about  100  cubical  feet  of 
•  gas,  and  an  Argand  burner,  equal  to  seven  candles,  consumes  a 
cubical  foot  and  a  half  per  hour, 
ittfitnemfor      767.  The  fitness  of  the  gas  obtained  from  coal  for  the  pur- 
dtiwmiMdr    poses  of  illumination,  is,  ceteris  paribus^  dependent  upon  the 
quantity  of  carburetted  hydrogen,  or  oleQant  gas,  which  it  con- 
tains; and,  consequently,  the  fitness  of  the  purified  mixed  gas 
for  illumination,  will  be  directly  as  its  specific  gravity  ;  or,  the 
relative  proportion  of  olefiant  gas,  may  be  judged  of  by  mixing 
the  purified  coal  gas  with  twice  its  volume  of  chlorine  over 
water,  by  which  the  olefiant  gas  will  be  absorbed,  and  its  quan- 
tity shown  by  the  amount  of  the  absorption  which  takes  place. 

Dr  Henry:^  has  given  some  important  experiments  upon  the 
production  of  gas  from  coal,  by  which  it  ap]>ears  that  its  com- 
position is  various  at  different  stages  of  the  distillation.  The 
mode  of  distillation  also  affects  the  quantity  and  quality  of  the 
products.§|| 

76S.  A  mixture  of  carburetted  hydrogen  and  hydrogen  is 
contained  abundantly  in  coal  strata,  from  fissures  in  which 
it  is  sometimes  evolved  in  large  quantitiest  forming  what  in 
the  language  of  the  miners,  is  called  a  blower.  When  this 
gas  is  accumulated  in  any  part  of  the  gallery  or  chamber  of  a 
mine,  so  as  to  be  mixed  in  certain  proportions  with  common 
air,  the  presence  of  a  lighted  candle,  or  lamp,  causes  it  to  ex- 
plode, and  to  destroy,  injure,  or  burn  whatever  is  exposed  to 
its  violence.  The  miners  are  either  immediately  killed  by  the 
explosion,  and  thrown  with  the  horses  and  machinery,  through 


*  Quarterly  Journal^  vol.  riii. 

t  A  few  years  lince  1  constructed  an  apparatus  which  I  find  exceedingly  conTenient  for  obtatatng  oil 
gna,  in  suflieient  qoaotity  for  the  exhibition  of  its  propertiet,  it  it  represented  by  fig.  117.  a  is  a  vessel 
of  cast  iron  about  10  inches  in  depth,  and  6  in  diameter  at  its  upper  part ;  having  a  cast  iron  cover, 
with  two  openings,  to  tlie  smaileftt  of  which,  a  copper  pipe  leading  from  a  funnel-sliapcd  oil  veasci  ft, 
is  secured  by  brazing ;  into  Uie  larger  opening  n  gun  barrel  c  is  screwed  which  enters  a  small  copper 
condensing  vomoI  d  furnished  with  a  eoek  for  drawing  ofF  any  oil,  or  oondensible  vapoun  that  may 
pass  over.  From  the  upper  part  of  the  condenser  a  copper  or  lead  pipe  iasuea,  which  conveys  the  gas 
to  a  gasometer.  When  oil  gas  is  to  be  obtained,  the  vessc-l  b  is  filled  with  oil,  and  pieces  of  bricks  are 
put  into  the  retort  a,  the  cover  is  then  secured  by  a  rod  of  iron  passing  through  the  ears  e  e,  and  tha 
Joint  is  made  tight  by  a  mixture  of  about  3  parts  of  muriate  of  ammonia  1  of  sulphixr  and  SO  of  cast 
iron  filings  or  borings,  made  into  a  paste  with  water.  11  This  raCort  may  be  placed  in  any  eonvenieat 
furnace,  and  when  heated  to  redness  Uie  coek/  is  turned  so  as  to  allow  the  oil  to  pass  drop  by  drop. 
The  same  apparatus  may  be  used  for  obtaining  the  gas  from  tlie  oleaginous  seeds,  poat,  &c.    W. 

t  Phil.  Trans.  1808.  $  See  a'so  Edw.  Philot.  Jour.  1035. 

II  An  account  of  the  apparatus  fur  the  production  of  coal  gas,  and  of  its  coDitraetion  and  expense, 
•will  be  fouod  in  iho  TrtatUts  on  Oat  Lights,  Mr  Accum  and  Mr  Peckston. 

f  Hus  ccnMOl  abould  be  allowed  to  bocojn^  hard  baforo  tha  apparatus  1«  uiad. 
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the  shaft  into  the  air,  the  mine  hecoming  as  it  were  an  enor- 
mous piece  of  artillery  from  which  they  are  projected  ;  or  they 
are  gradually  suffocated,  and  undergo  a  more  painful  death  from 
the  carbonic  acid  and  nitrogen  remaining  in  the  mine,  after  the 
explosion  of  the  fire  datnp  ;  or  what,  though  it  appears  the 
mildest,  is  perhaps  the  most  severe  fate,  they  are  burned  or 
maimed,  and  often  rendered  incapable  of  labour  and  of  healthy 
enjoyment  for  life.* 

Sir  H.  Davy  has  given  a  sketch  of  different,  but  ineffectual,  safety-iamp. 
contrivances  of  others,  for  the  prevention  of  these  dreadful,  and 
hitherto  frequently  occurring,  accidents ;  and  has  described  the 
train  of  investigation  by  which  he  was  led  to  the  discovery  of 
a  remedy  at  once  simple  and  efficient,  and  which  has  already 
been  submitted  to  repeated  and  successful  trials. 

769.  The  properties  of  flame,  and  the   principle  of  safety  Theoryofiia 
adopted  in  this  lamp,  have  already  been  adverted  to  (200).     It  '^^^ 

is  obvious,  from  what  has  there  been  said,  that  if  the  flame  of 
a  common  lamp  be  every  where  properly  surrounded  with  a 
wire-gauze,  and  in  that  state  immersed  into  an  eifplosive  gaseous 
mixture,  it  will  be  inadequate  to  its  inflammation,  that  part  only 
being  burned  which  is  wiihin  the  cage,  communication  to  the 
inflammable  air  without  being  prevented  by  the  cooling  power 
of  the  metallic  tissue ;  so  that  by  such  a  lamp  the  explosive 
mixture  will  be  consumed,  but  cannot  be  exploded. 

Fig.  118  M  a  representation  of  the  safetj  lamp,  as  recomniended  for  general 
use  bjr  Bir  H.  Davy,  a  is  a  cylinder  of  wire  gaoze,  with  a  double  top,  securely  ' 
and  carefully  fastened,  by  dcAibling  oyer,  to  the  brass  rim  b,  which  screws  on 
the  lamp  c.  The  whole  is  protected  and  rendered  conyenient  for  carrying,  by 
the  frame  and  ring  d.  If  the  cylinder  be  of  twilled  wire-gause,  the  wire  sbonld 
be  at  least  of  the  thickness  of  one-fortieth  of  an  inch,  and  of  iron  or  copper.| 
and  30  in  the  warp,  and  16  or  18  in  the  weft.  If  of  plain  wire  gauze,  the  wire 
should  not  be  less  than  one-sixtieth  of  an  inch  in  thickness,  and  from  28  to  30 
both  warp  and  woof.f 

The  operation  of  this  lamp  may  be  shown  on  a  small  scale  by  suspending  it  £xp, 
in  a  glass  jar,  and  then  admitting  a  sufficient  stream  of  coal  gas  to  render  the 
enclosed  atmosphere  explosive.  The  flame  of  the  lamp  fir»t  enlarges,  and  Is 
then  eztingui!>hed,  the  whole  of  the  cage  being  filled  with  a  lambent  blue  light ; 
on  tvrning  off  the  supply  of  the  gas  this  appearance  c^dually  ceases,  and  the 
vick  becomes  rekindled,  when  the  atmosphere  returns  to  its  natural  state. 

770.  When  a  small  coil  of  platinum  wire  is  hung  above  the  Efl^ofn 
wick  of  the  lamp  within  the  wire  gauze  cylinder,  the  metal  Slb^i"*^ 
continues  to  glow,  long  after  the  lamp  is  extinguished,  and 
affords  light  enough  to  guide  the  miner  in  what  would  otherwise 

be  impenetrable  darkness.  In  this  case  the  combustion  of  the 
fire  damp  is  continued  so  slowly,  and  at  so  low  a  temperature, 
as  not  to  be  adequate  to  that  ignition  of  gaseous  matter,  which 
constitutes  flame,  though  it  excites  a  temperature  su£Bcient  to 
render  platinum  wire  luminous. :( 


*  Davj,  on  the  8afetff4amp  fgr  Coai  Minert^  London,  1818. 

t  Ibid.  p.  114,  etseq. 

t  As  tha  9afetif  of  these  lamps  oitirely  depends  upon  the  perftet  state  of  the  wire  gause,  and  opon 
tlie  non-existence  of  any  aperture  or  channel  sufficiently  large  to  admit  of  the  passage  of  flamsi 
ik»j  abootd,  wbea  used  ia  a  cosl  miASi  be  inspeoted  iaXly  to  eosve  tboix  lonodiMss  in  thne  respects.' 
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771.  The  analygis  of  a  mixture  of  hydrogeo  with  carburetted 
hydrogen,  carbonic  oxide^  and  carbonic  acid,  presents  peculiar 
difficulties  in  the  ordinary  mode  of  proceeding ;  and  as  it  often 
requires  to  be  performed  in  investigations  relating  to  the  gases 
used  for  illumination,  it  became  an  object  to  facilitate  the  pro- 
cess, for  which  Mr  Brande  used  the  following  plan.. 

A  hundred  measures  of  the  gas  were  introduced  into  a  gradu- 
ated tube«  and  the  carbonic  acid  absorbed  by  a  solution  of 
potassa ;  the  remaining  gas  is  then  transferred  to  thrice  its 
volume  of  chlorine  of  known  purit) ,  standing  over  water  in  a 
tube  of  about  half  an  inch  in  diameter,  and  exposed  to  daylight, 
but  carfuUy  excluded  from  the  direct  solar  rays  ;  after  24  hours 
the  carburetted  hydrogen  and  the  excess  of  chlorine  will  have 
been  absorbed,  and  the  remaining  gas,  consisting  of  carbonic 
oxide  and  hydrogen,  may  be  analyzed  bv  detonation  with  oxy- 
gen in  excess ;  the  measure  of  carbonic  acid  formed  being  equal 
to  that  of  the  original  carbonic  oxide. 

This  proceeding  depends  upon  the  non-formation  of  chloro- 
carbonic  (743)*acid  in  a  mixture  of  carbonic  oxide  and  chlorine 
in  the  contact  of  water,  and  out  of  the  direct  agency  of  the  solar 
rays.  Such  mixture  has  been  kept  several  days,  occasionally 
renewing  the  chlorine  as  it  became  absorbed  by  the  water,  and 
no  diminution  in  the  bulk  of  the  carbonic  oxide  has  been  observ- 
ed. In  all  these  cases  it  is  necessary  to  ascertain  the  purity  of 
the  chlorine  by  its  absorption  by  water,  and  to  be  aware  of  the 
evolution  of  common  air  from  water  during  that  process.* 

772.  Wheti  oil  gas  is  compressed  a  colourless  fluid  is  deposit- 
'  ed,  which  is  nearly  insoluble  in  water,  but  sobible  in  alcohol, 

ether  and  oils.  It  burns  with  a  dense  flame,  and  is  distinguish- 
ed from  the  oil  from  which  it  originated,  by  not  bejn°;  acted 
upon  to  any  extent,  by  solutions  of  alkalies.  Part  of  this  fluid 
is  volatile  at  60^,  while  other  parts  are  more  fixed.  By  repeat- 
ed distillations  Mr  Faraday  obtained  from  it  a  series  of  pro- 
ducts from  the  most  to  the  least  volatile.  These  were  subjected 
to  a  low  temperature,  and  some  of  them  concreted  into  a  crys- 
talline mass,  and  a  substance  was  ultimately  obtained,  princi- 
pally by  pressure  at  low  temperatures,  which  proved  to  be  a 
uew  compound  of  carbon  and  hydrogen.  At  common  tempe- 
ratures it  is  a  colourless  liquid,  of  specific  gravity  0,85  at  60^, 
and  has  the  odour  of  oil  gas.  Below  42^  it  is  a  solid  body 
forming  dendritical,  transparent  crystals.  At  0^  it  appears 
white  or  transparent,  brittle,  pulverulent,  and  of  the  hardness 
nearly  of  loaf-sugar*  It  evaporates  entirely  in  the  air  :  at  186^ 
it  boils,  furnishing  a  vapour,  which  has  a  specific  gravity  of  40 
nearly  compared  to  hydrogen  as  I.  At  a  higher  temperature 
the  vapour  is  decomposed,  depositing  carbon.  It  is  combustible, 
liberating  charcoal,  if  oxygen  be  not  abundantly  present. 


*  For  a  dMcnnion  of  Uio  comparativa  iUuminatinf  power  of  oil  and  coal  gOMi,  •«•  Zditi.  Pkiht^ 
Jwr.  ItttS. 
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773.  This  substance  was  analysed  by  being  passed  over  red-  Anoiy«u. 
hot  oxide  of  copper,  and  by  detonation  of  its  vapour  with  oxy- 

gen^  and  was  found  to  consist  of 

2  proportionals  of  carbon 12 

1  ^^  hjdrogeQ 1 

13 

And  in  the  state  of  vapour  one  volume  was  found  to  consist  of 
6  proportionals  of  carbon  and  3  of  hydrogen  ==  39. 

It  has  been  called  by  Mr  Faraday  Bi-carburet  of  hydrogen. 

774.  From  the  more  volatile  portions  of  the  fluid  Mr  Fara*  orhwpr^ 
day  obtained  a  product,   which,    though    gaseous  at  common  ^^^' 
temperatures,  condensed  into  a  liquid  at  0^.     It  was  very  com- 
bustible, and  constant  in  composition  and  properties.     Its  sp. 

gr.  was  27  or  28  in  its  gaseous  state ;  as  a  liquid  0,627 ;  being 
the  lightest  substance,  not  a  gas  or  vapour,  known.  It  was 
found  to  consist  of  1  proportional  of  carbon  =  6,  -|- 1  of  hydro- 
gen s  1,  as  is  the  case  with  olefiant  gas ;  but  these  are  so  con- 
densed and  combined,  as  to  occupy  only  one  half  the  volume 
they  do  in  that  substance.  A  volume  therefore  of  this  fi;as  con- 
tains  4  proportionals  of  carbon =24-1- 4  of  hydrogen  =  2S,  which 
is  its  specific  gravity. 

775.  Besides  the  remarkable  difference,  thus  established,  be- 
tween this  substance  and  olefiant  gas,  it  is  also  distinguished  by 
the  action  of  chlorine,  with  which  it  forms  a  fluid  body  having 
a  sweet  taste,  and  resembling  hydro-chloride  of  carbon ;  but 
from  which  a  chloride  of  carbon  cannot  be  obtained  by  the  fur- 
ther action  of  chlorine  and  light. 

776.  The  fluid  as  originally  obtained  when  put  into  gas  burn- 
ing with  a  blue  flame,  makes  it  produce  a  bright  while  flame ; 
it  is  an  excellent  solvent  of  caoutchouc,  and  will  answer  all 
the  purposes  to  which  essential  oils  are  applied  as  solvents.* 

777.  Carbon  and  Nitrogen — Carburet  of  Nitrogen — Cy-  union  with 
anogen» — This  gaseous  compound  was  discovered  by  6ay-Lus-  ^'**~fl*"- 
sac  in  1815,t  and  was  called  cyanogen  from  >;MtM$,  blue^  and 
ynnm^  I  generate,  because  it  is  an  essential  ingredient  of  Prus- 
sian blue. 

To  obtain  cyanogen,  it  is  necessary  first  to  boil  fine  powdered  ptoccm  for 
red  oxide  of  mercury  with  twice  its  weight  of  prussian  blue  and  an^n"*^^ 
a  sufficient  quantity  of  water.  The  compound  is  perfectly 
neutral,  and  crystallizes  in  long  four-sided  prisms  truncated 
obliquely.  It  still,  however,  contains  a  little  iron,  which  may 
be  separated  by  digesting  the  liquor,  before  evaporation,  with  a 
little  more  of  the  oxide  of  mercury,  and  saturating  the  excess 
of  this  oxide  with  a  little  prussic  acid,  or  even  with  a  little 
diluted  muriatic  acid.  The  cyanide  of  mercury,  thus  obtained 
neutral'and  crystallized,  must  be  carefully  and  completely  dried 
at  a  temperature  below  that  of  boiling  water,  and  then  exposed 
to  heat  in  a  small  glass  retort,  or  in  a  tube  closed  at  one  extrem- 
ity.    It  first  blackens,  then  liquefies,  and  the  cyanogen  comes 
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over  in  the  form  of  a  gas,  which  may  be  collected  over  mercury. 
In  the  retort  there  remains  a  charry  matter  of  the  colour  of  soot, 
and  as  light  as  lamp  black,  derived  from  the  cyanogeo  itself; 
a  portion  of  which  is  decomposed  by  the  temperature  employed 
in  its  formation  ;  but  Gay-Lussac  states  that  no  free  nitrogen  is 
disengaged  till  towards  the  close  of  the  process.* 

Propertiei.  778.  Cyanogen  is  a  true  gas,  or  permanently  elastic  fluid. 
Its  smell  is  strong,  penetrating,  and  disagreeable,  resembling 
that  of  bitter  almonds.  It  burns  with  a  bluish  flame  mixed  with 
purple.  Its  specific  gravity  is  to  that  of  common  air  as  1,S064 
(1,8055,  T.)  to  l.t  100  cubic  inches  at  60°  Fah.  weigh  55 
grains;  at  the  temperature  of  45°  F.,  and  under  a  pressure  of  3,6 
atmospheres^  it  was  obtained  by  Mr  Faraday  as  a  limpid  liquid, 
which  resumed  the  gaseous  form  when  the  pressure  was  removed.): 
779.  Water  at  the  temperature  of  60°  Fah.  absorbs  almost 
4^  times  its  volume,  and  pure  alcohol  23  times  its  volume. 
The  watery  solution  reddens  litmus ;  this,  however,  is  scarcely 
to  be  considered  as  an  efiect  of  cyanogen,  but  of  the  products  to 
which  it  gives  rise  by  the  decomposion  of  water.§  H.  1.  451. 
The  aqueous  solution,  according  to  Vauquelin,||  is  subject  to 
spontaneous  decomposition,  being  gradually  converted  into  car- 
bonic and  hydrocyanic  acids,  ammonia,  a  peculiar  acid  which 
he  calls  the  cyaniCy  and  a  brown  substance  containing  carbon ; 
the  ammonia  saturates  the  acids,  and  the  carbonaceous  compound 
is  deposited.  These  changes  are  referable  to  the  mutual  re- 
action of  the  elements  of  cyanogen  upon  those  of  water. 

Antiyiia.  780.  Cyanogen  may  be  analyzed  by  detonation  with  oxygen. 

One  volume,  detonated  over  mercury  with  two  of  oxygen,  pro- 
duces two  volumes  of  carbonic  acid,  and  one  of  nitrogen. 
Whence  it  appears  that  cyanogen  consists  of  two  proportionals 
of  carbon  =  12,  and  1  of  nitrogen  =  14,  the  nitrogen  having 
sufiered  no  change  of  bulk  by  uniting  with  the  carbon ;  or  it 
may  be  said  to  consist  of  two  volumes  of  gaseous  carbon -|- one 
volume  of  nitrogeh,  the  three  being  condensed  into  one  volume. 
Its  representative  number  is  26. 

The  following  symbols  exhibit  the  mixture  of  cyanogen 
with  oxygen  in  the  above  proportions,  and  the  result  of  theif 
detonation : 


Before  detonation. 

One  proportional  of  Cyanegon 
and  four  of  Oxygun. 


One  proportional 
of  Nitroi^n. 


After  detonation. 

Two  proportional*  of  Car- 
bonic Acid. 


Cyanogen. 

0.     .     N. 

12+14 

Oxygen 

Nitrogen 
14 

6 

Oxygen 

8. 

& 

8. 

6 

1 

8. 

8. 

8. 

*  6ay-Lufl*ac,  AmM»  de  Ckim.  vol.  xev. ;  or  Tfaotnton'c  ^nntUa^  viii.  37.  t  !(■  epecific  gravity, 
Oxygen,  =  1  is  l,<i35  T.  |  For  tho  detail*  of  the  procc<4,  tee  Faraday '■  OUmieal  Mtmipvltitiomt 
p.  417.  $  Vaaqnelin  in  ^tiii.  of  Phil.  xiii.  430.  ||  Annalu  di  Ckim-,  Oct.  1818. 
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781.  The  solutioDS  of  pure  alkalies  and  alkaline  earths  absorb  AbwrbM)  by 
cyaDO«ren  ;  and  the  liquid  obtained,  when  poured  into  a  solu-  uoilifcc?*** 
tion  of  black  oxide  of  iron,  affords  Prussian  blue^  but  not  with- 
out the  addition  of  an  acid.     At  the  same  time,  carbonic  acid 

gas  escapes,  in  volume  equivalent  to  the  cyanogen  absorbed, 
and  there  is  a  perceptible  smell  of  prussic  acid.  These  changes 
will  be  more  evident  from  the  following  recapitulation. 

-      I     |.      C  =  2  Tol^.  cb&r«  )     discomposes  1^  s=s  1  vol.  osyfren 
*  lif  «     \  coal  and  i  vol.  >      1  atom  of     <  and  2   vols,   by- 
cjanogen     ^^jtrogeu  )     water  ^drogcn. 

One  volum^of  charcoal,  unitinj;  with  one  volume  of  oxygen , 
forms  one  volume  of  carbonic  acid  ;  the  remaining  volume  of 
charcoal,  uniting  with  half  a  volume  of  nitrogen  and  half  a 
volume  of  hydrogen,  composes  1  volume  of  prussic  acid  ;  and 
the  residuary  half  volume  of  nitrogen  and  1^  volume  of  hydro- 
gen compose  together  one  volume  of  ammonia.     H.  1.  452, 

782.  Cyanogen  has  a  remarkable  tendency  to  combine  with 
elemeq^ry  substances,  and  with  the  metals ;  but  for  the  metallic 
oxides  its  affinity  is  comparatively  feeble.  Its  compounds, 
which  are  not  acid,  are  termed  cyanides^  or  cyanurets. 

783.  Cyanogen   and   Chlorine  combine  and  produce  the  i^nionofcy- 
ChlorO'Cyanic  acid.    Chloro-cyanic  acid  was  discovered  by  Ber-  ebSnne, 
thoUety  who  found  that  hydro-cyanic  acid  (100),  by  absorbing 
chlorine,  acquires  new  properties,  and  no  longer  forms  a  blue  cworo-cytn- 
precipitate  with  the  solutions  of  iron.     Supposing  it  to  result 

from  the  union  of  oxygen  with  the  prussic  acid,  he  gave  to  the 
Dew  compound  the  name  of  oxy^prussic  acid.  The  nature  of 
this  combination  has  since  been  investigated  by  Gay-Lussac.  To 
prepare  il  a  current  of  chlorine  gas  may  be  passed  throuj^h  a 
solution  of  hydro-cyanic  acid  in  water,  till  the  liquid  di&colours 
a  solution  of  indigo  in  sulphuric  acid.  By  agitating  this  liquid 
with  mercury,  and  by  distilling  at  a  gentle  heat,  an  elastic  fluid 
is  formed.  This,  however,  is  not  pure  chloro-cyanic  acid,  for  at 
temperatures  from  60°  to  70°  F.,  and  under  comirion  pressures, 
that  acid  can  only  exist  as  a  liquid.  It  is  a  mixture  of  carbonic 
acid  and  chloro-cyanic  acids.     H.  1.  457. 

784.  M.  SeruUas  has  obtained  this  compound,  which  he  terms  bow  obuin- 
cyanuret  of  chlorine,  iu  a  separate  state,  and  perfectly  pure,  ^' 

by  the  following  process.  Moisten  cyanide  of  n^erctiry  with 
chlorine,  stop  the  flasks,  and  put  them  in  a  dark  place,  in  eight 
or  ten  hours  the  contents  are  entirely  converted  into  perchloride 
of  mercury  and  cyanide  of  chlorine.  This  compound  is  very 
deleterious,  soluble  in  water,  and  still  more  so  in  alcohol :  it 
sufiers  no  change  in  these  fluids,  and  may  be  separated  from 
solution  in  water  by  passing  it  over  chloride  of  calcium  into 
bottles  placed  in  a  freezing  mixture,  where  it  becomes  solid. 

785.  One  of  the  most  remarkable  properties  of  this  com-  p^^^pgrtief. 
pound  is  that  of  crystallizing  in  long  transparent  needles  at  0° 

F.  'y  and  at  about  20°  or  25°  above  this  it  becomes  liquid,  or 
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under  a  pressure  of  4  atmospheres,  and  it  remains  so  in  tubes 
hermetically  sealed.* 

786.  The  chloro-eyanic  acid  obtained  by  the  first  process 
is  a  colourless  and  very  volatile  liquid,  having  a  peculiar  and 
irritating  odour.  Il  reddens  litmus ;  is  not  inflammable;  and 
does  not  form  detonating  mixtures  either  with  oxygen  or  hydro- 
gen. 

787.  According  ta  the  analysis  of  Gay-Lussac^  this  acid  is 
constituted  of 

1   Yol.  of  pAveons  carlion  ) 

i  a  volume  of  nitrogfen  >  condenied  into  1  volume. 
«       "        "    eblorineS  « 


In  other  words  1  vol.  of  chlorine,  and  1  vol.  of  cyanogen 
produce  by  combining  2  vols,  of  chloro-eyanic  acid.  Henco 
its  density  should  be  the  mean  of  those  of  its  components.  H. 
1.  446. 

The  following  symbols  represent  its  composition  and  volume 


Cymnogen 
96,0 

Chlorine 
36 

Cynnognn 


Propertic 


788,  Cyanogen  and  Bromine  combine  and  form  a  cyanide 
abd  Bromine,  qf  hromiue^  for  the  preparation  of  which  the  following  process 

has  been  given  by  M.  Serullas.t 

Tiro  parte  of  dry  cjanide  of  mercurj  are  to  be  placed  in  a  tiibolated  retort, 
or  Hi  the  bottom  of  a  \ov\f,  tube,  and  being  well  cooled  ia  a  refrigerating  mix- 
ture, one  pfirt  of  bromine  i^  to  be  added  ;  powerful  action  eDtnes,  much  beat 
is  developed  and  a  bromide  of  mercurj  with  a  cyanide  of  bromine  are  formed  : 
tbe  latter  crystallises  in  Ictfig  needles  about  the  raiddio  of  the  tube,  the  small 
quantity  of  vapour  of  bromine  gradually  disappearing.  A  •mall  receiver  being 
then  RttHched  to  (he  tube,  and  well  cooled,  the  cyanide  is  to  be  sublimed  into 
it,  and  wit]  form  small  colourless,  transparent  crystals,  sometimes  acicuhir, 
sometimes  cubicah 

This  substance  is  very  volatile,  and  has  a  penetrating  odour ; 
it  becomes  vapour  at  60^  F.,  and  crystallizes  suddenly  on  cool- 
ing. It  is  soluble  in  alcohol  and  water.  It  is  excessively 
deleterious ;  a  grain  dissolved  in  water  proved  instantly  fatal  to 
a  rabbit. 

789.  Cyanogen  and  Iodine  form  a  volatile  solid  compound, 
which  has  an  acrid  taste  and  pungent  smell ;  it  may  be  prepared 
by  heating  iodine  with  cyanide  of  mercury.  The  following 
process  has  been  recommended  by  M.  Serullas.^ 

Place  a  hirge  glass  jar  with  irs  mouth  upon  a  plate  of  glass :  mix  two  parti 
of  cyanide  of  mercury  with  one  part  of  iodine,  and  heat  the  mixture  in  a  rmall 
porcelain  capsule  until  the  temperature  being  sufficiently  raised,  the  cyanide 
begins  to  form :  then  quickly  place  it  under  the  jar,  and  leave  the  operation 
to  itsflf;  the  production  of  cyanide  of  iodine  will  continue  for  fifteen  or  twentj 
minuteii,  prescntini:  the  appearance  of  a  multitude  of  snow-white  flocculi,  of  the 
utmost  degree  of  whiteness  and  beauty ;  these  will  gradually  collect  on  the 
plate,  and  may  be  afterwards  secured* 


Cy&nogcn 
aad  iodine. 


*  J^MT.  i«  PhM-m4€Uf  Sept.  1827.        f  -^nn.  ie  Ckm*  zuut.  09.       1 4iiii.  d$  Chin.  zxxiT.  100. 
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According  to  M.  Serullas  it  is  a  compound  of  I  atom  of  iodine 
+ 1  cyanogen. 

790.  Cyanogen  and  Hydrogen — Hydro-cyanic  or  Prxissic  union  of  cy- 
acid, — This  triple  compound  may  be  obtained  by  moistening  hjdf.^o^ 
cyanicje  of  mercury  with  muriatic  acid,  and  distilling  at  a  low 
temperature,  having  surrounded  ihe  receiver  with  ice. 

791.  A  liquid  is  thus  obtained  which  has  a  strong  pungent 
odour,  very  like  that  of  bitter  almonds;  its  taste  is  acrid,  and 
it  is  highly  poisonous.  When  a  rod  dipped  in  the  concentrated 
acid  is  brought  in  contact  with  the  tongue  of  an  animal,  it 
expires  before  the  rod  can  be  withdrawn.  Its  vapour  occasions 
nausea,  headache  and  faintness.*  It  volatilizes  so  rapidly  as  to 
freeze  itself.     It  reddens  litmus. 

792.  The  hydro-cyanic  acid  is  used  in  medicine,  and  several  Jj^f'™*'*". 
formulae  have  been  given  for  its  preparation;    the  following  auic acid. 
affords  the  acid  of  a  convenient  strength,  and  is  that  which  is 
adopted  at  Apothecaries'  Hall,  (Lond.)     One  pound  of  cyanide 

of  mercury  is  put  into  a  tubulated  retort  with  six  pints  of  water, 
and  one  pound  of  muriatic  acid,  specific  gravity  1,15;  a  capa- 
cious  receiver  is  luted  to  the  retort,  and  six  pints  are  distilled 
over.     The  specific  gravity  of  the  product  is  0,995.t 

793.  M.  Vauquelin's  method  of  preparing  dilute  hydro-cy-  vaiii}a«iw*8 
anic  acid,  consists  in  passing  sulphuretted  hydrogen  through  a  "**'^^' 
solution  of  cyanide  of  mercury,  which,  when  decomposed,  is 

to  be  filtered  and  mixed  with  carbonate  of  lead,  in  order  to 
separate  the  excess  of  sulphuretted  hydrogen.  As  this  acid  in 
its  dilute  state  suffers  partial  decomposition  by  keeping,  it 
should  be  prepared  in  small  quantities  only  for  pharmaceutical 
use,  and  preserved  in  vessels  excluded  from  li^ht. 

794.  Hydro-eyanic  acid  may  also  be  collected  in  a  gaseous  OsMoiuhy. 
form  over  mercury,  by  heating  in  a  retort  the  crystallized  ferro-  add?*^*" 
cyaoate  of  potassa  with  dilute  sulphuric  acid.     This  gas  is 
absorbable  by  water  and  alcohol.     It  is  speedily  iktal  when 
received  into  the  lungs  of  small  animals.     At  a  temperature 
between  66^  and  95^  F.,  the  acid  gas  forms  with  oxygen  gas 

a  mixture  which  detonates  on  passing  an  electric  spark.  A 
quantity  equal  to  100  measures  condense  125  measures  of  oxygen, 
and  there  result  100  measures  of  carbonic  acid  and  50  measures 
of  nitrogen.  But  as  the  carbonic  acid  contains  only  its  own 
volume  of  oxygen,  there  remain  25  measures  of  the  latter  gas 
which  must  have  been  converted  into  water  by  50  measures  of 
hydrogen  existing  in  the  prussic  acid  vapour.  .  From  these  and 
other  &cts,  Gay-Luasac  infers  that  it  is  compo^d  of  one  volume 


*  See  Bifelow'f  S^fve/  U  U,  8.  PkmmMsepmi^t  p.  49. 

t  The  apocific  gravity  of  too  acid  is  oonaidorad  by  Dr  Uro  as  an  inadoqaate  tctt  of  its  •trength ;  and 
ho  recommendt  the  fullowing  as  a  more  limple  method  of  analysis.  "  To  JOO  grains,  ur  any  other 
eoDTenient  quantity,  of  the'  acid,  contained  in  a  irouli  phial,  add,  in  suecesmon,  nnall  quantities  of 
the  peroxide  of  mereury  in  Sne  powder,  ttU  it  ceases  to  be  diieoK-ed  on  ag itatioB.  The  Weight  of  the 
oxide  taken  up*  beiog  divide  by  foor,  giTos  a  quotient  roprcseating  the  quaatity  of  real  prassic  acid 
present*  By  weighing  out  bolbrehand  on  a  watch  glass  40  or  SO  grains  of  tiio  peroxide,  the  residual 
weight  of  it  shows  at  once  the  quantity  expended/*    {Quarterly  Journal, xiii.  312.} 
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of  the  vapour  of  charcoal,  half  a  volume  of  hydrogeD,  and  half 
a  volume  of  nUrogen,  condensed  into  one  volume  , 

795.  When  potassium  is  heated  in  hydro-cyanic  vapour,  it 
evolves  hydrogen  gas  equal  to  half  the  volume  of  the  vapour. 

. .  The  other  elements  of  the  gas  unite  with  the  potassium.  Thus 
mpoR  n.  ^^^  hydro-cyanic  acid  is  resolved  into  hydrogen  and  cyanogen, 
which  last,  uniting  with  the  potassium,  forms  a  cyanide  of  that 
metal.  As  hydro-cyanic  acid  is  constituted  of  equal  volumes  oi 
those  two  gases,  united  without  condensation,  the  specific  grav- 
ity of  the  acid  gas  ought  to  he  the  mean  of  those  of  its  compo* 
Dents,  viz.  0,93fiO  very  nearly.  This  differs  very  little  from  the 
result  of  experiments,  yiz.  0,9476.  1\a  constituents)  therefore, 
are  by  weight 

Cy.inogren 100 

Hydrocen 3,^46 

or  two  atoms  of  charcoal  =  12 -f-1  of  nitrogen  =  14+1  of  hydro- 
gen, and  its  equivalent  number  is  27. 

796.  The  salts  formed  by  the  union  of  this  acid  with  salifia- 
ble bases  are  called  hydro- cyanateSj  but  they  are  not  perma- 
nent, and  have  no  useful  properties.  They  are  decomposed  by 
the  weakest  acids,  such  as  the  carbonic.     H.  1.  455. 

Oxy-cjanie,  797.  Owy-cyatiic,  or  Cyanic  Jlcid, — This  acid  was  first  ob- 
acidf*'^''  tained  in  a  state  of  combination,  by  M.  Wohler,  by  causing  a 
watery  solution  of  baryta,  at  the  bottom  of  which  were  undis- 
solved crystals  of  that  earth,  to  absorb  cyanogen.  The  barytie 
salt  was  decomposed  by  mixing  its  solution  with  one  of  an 
alkaline  sulphate.*  He  now  obtains  the  cyanate  of  potassa 
directly,  and  in  great  abundance,  by  the  following  process : 
Calcine,  at  a  low  red  heat,  (for  a  strong  heat  destroys  the  cyanic 
acid)  equal  weights  of  anhydrous  ferro-cyanate  of  potassa  and 
peroxide  of  manganese.  Pulverize  the  remaining  mass,  and  boil 
it  with  alcohol  86  per  cent,  pure ;  on  cooling,  the  salt  separates 
in  small  plates  resembling  the  chlorate  of  potassa.t 
United  to  798.  The  acid,  thus  obtained  in  combination  with  potassa, 

^***^'  may  be  transferred  by  double  decomposition  to  other  bases;  but 

it  has  not  yet  been  exhibited  in  a  separate  state.  To  this  the 
easy  disunion  of  its  elements  by  other  chemical  agents,  and  even 
by  an  increased  temperature,  is  a  powerful  obstacle.  When 
cyanate  of  potassa  in  solution  is  merely  heated,  the  cyanic  acid 
is  decomposed,  and  carbonic  acid  and  ammonia  are  generated  ; 
and  still  more  readily  if  a  weak  acid  be  added.  This  property 
served  as  the  ground  work  of  a  method  of  analysis,  by  which 
Wofaler  determined  cyanic  acid  to  consist  of 

Conpofltion.  Carbon     t  atoint 12 

Mitrogen  1    .14 

OxygeD    1   — — 8 

Weight  of  its  atom "34 

Or  of  Cyanogeo  1  atom !^ 

Os^StD      1  8 

Wei";ht  of  i(fi  atom 34 

-»    I    ■  i  ...-■-.■■  — « — ^ 

*  ^U9n»  JHtr,  »T.  iSS.  STi.  104.  t  •^M*  *»  CACM.  U  de  PAy«.  zxvil.  196. 
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71)9.  It  is  remarkable  that  the  above  is  precisely  the  coDstitu- 
tion  assigned  by  Liebeg  and  Gay-Lussac  to  cyanic  acid  as  it 
exists  in  a  class  of  salts,  to  which  they  have  given  the  name  of 
fulminates.  These  salts  owe  their  detonating  properties  to  a 
peculiar  acid,  which  is  formed  by  the  action  of  silver  or  mercury 
on  nitric  acid  and  alcohol,  and  which  may  be  transferred  from 
the  oxides  of  those  metals  to  other  bases.  Potassa  for  instance,  ^tSt^ 
digested  with  fulminating  stiver,  forms  a  crystallizable  and  de- 
tonating fulminate.  In  all  salts  of  this  kind,  the  elements  of 
cyanic  acid  exist,  constituting  with  a  metallic  oxide,  which 
may  differ  in  different  cases,  the  acid  that  gives  to  each  salt  its 
peculiar  properties.  Beside  the  metallic  oxide,  entering  as  an 
element  into  the  fulminic  acid,  the  fulminating  salt  contains 
another  portion  either  of  the  same  or  of  a  different  oxide  which 
serves  as  a  base.  The  fulminic  acid  has  not,  however,  any  more 
than  the  cyanic,  been  obtained  separate;  for  when  this  was 
attempted  either  the  fulminates  were  not  decomposed  by  the 
acids  added  with  that  view,  or  the  fulminic  acid  was  resolved 
into  its  constituent  principles,  which,  with  the  elements  of  the 
^  decomposing  acid,  formed  new  compounds.  When  muriatic 
acid,  for  instance,  was  made  to  act  on  fulminate  of  silver,  an 
acid  compound  was  formed  of  chlorine,  carbon  and  nitrogen, 
which,  among  other  peculiar  properties,  had  that  of  changing 
the  colour  of  per-chloride  of  iron  to  a  deep  red.*     H.  1.  456. 

800.  Suipho^^anic  ^cid. — This  acid   was  discovered  in  suipho-ejui- 
1808  by  Mr  Porrett,  who  ascertained  that  it  is  a  compound  of  *®"'"** 
sulphur,  carbon,  hydrogen  and  nitrogen,  and  described  it  under 

the  name  of  suiphuretted  ehyazie  add  A  It  is  now  more  com* 
monly  called  sulphoH^yanic  acid,  and  its  salts  are  termed  sulpho- 
cyanates. 

801.  This  acid  is  obtained  by  mixing  so  much  sulphuric  acid  howoUajnt 
with  a  concentrated  solution  of  the  sulpho-cyanate  of  potassa  as  ^* 

is  sufficient  to  neuti^lize  the  alkali ;  and  then  distilling  the  mix- 
ture; an  acid  liquor  collects  in  the  receiver,  which  is  sulpho- 
cyanic  acid  dissolved  in  water,  and  the  sulphate  of  potassa 
remains  in  the  retort. 

802.  As  thus  prepared  it  is  a  transparent  liquid,  which  is  Propeities. 
either  colourless  or  has  a  slight  shade  of  pink.     Its  odour  is 
somewhat  similarto  thiat  of  vinegar.     The  strongest  solution  of 

it  which  Mr  Porrett  could  obtain  had  a  specific  gravity  of  1,022. 
It  boils  at  216^  5  P.;  and  at  54'' 5  F.  crystallizes  in  six  sided 
prisms.  It  reddens  litmus  paper  and  forms  neutral  compounds 
with  alkalies. 

803.  its  presence,  is  easily  detected  by  a  per-salt  of  iron,  ^^t. 
j^ith  the  oxide  of  which  it  unites,  forming  a  soluble  salt  of  a 
deep  blood  red  colour.     With  the  protoxide  of  copper  it  yields 

a  white  salt,  which  is  insoluble  in  water.  ^ 

*  jfvR.  d*  CAtM.  ei  ds  Phif.  niv.  S04.  xxr.  S85. 

t  The  term  ehyazio  tMung  eomponiMlod  of  the  firat  letter  of  cmrbon,  the  first  syUmble  ef  hydrogen 
ud.uete,  with  the  cdroal  ttnaioatioB  ufnifyuig  wi  aciih 
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Ferro-eyanic 
acid. 


804.  According  lo  the  analysis  ofMrPorrett*  which  is  con- 
firmed by  that  of  Berzelius^t  the  sulpho-cyanic  acid  is  composed 
of 

Gompontion.  Cyanogen       ....    26  or  I  atom 

Sulphur 21  ^'^  ^  atoms 

Hydrogen       ....       1   *^  1  atom 
Or  of 

Bieulphuret  of  cyanogen  58  or  1  atom 
Hydrogen 1    "  1     '" 

805.  Ferro-cyanic  ^cid, — The  ferro-cyanic  aci4>has,  within 
these  few  years,  been  the  subject  of  able  researches  by  Mr 
Porrett4  Berzelius,§  and  M.  Robiquet.||  Mr  Porrett  recom- 
meods  two  methods  for  obtaining  the  ferro-cyanic  acid^  by  one 
of  which  it  is  procured  in  crystals,  and  by  the  other  in  a  state 

prooenmfor  of  solution.  The  first  process,  consists  in  dissolving  58  grains 
obtttuung.  ^£  crystallized  tartaric  acid  in  alcohol,  and  mixing  the  liquid 
with  50  grains  of  the  ferro-cyaaate  of  potassa  dissolved  in  the 
smallest  possible  quantity  of  hot  water.  The  bi-tartrate  of 
potassa  is  precipitated,  and  the  clear  solution,  on  being  allowed 
to  evaporate  spontaneously,  gradually  deposits  ferro-cyaiiic  acid 
in  the  form  of  small  cubic  crystals  of  a  yellow  colour. 

In  the  second  process,  the  ferro-cyanate  of  baryta,  dissolved 
in  water,  is  mixed  with  a  quantity  of  sulphuric  acid,  which  is 
precisely  sufficient  for  combining  with  the  baryta.  The  insolu- 
ble sulphate  of  baryta  subsides,  and  the  ferro-cyanic  acid  re- 
mains in  solutipn.  According  to  Mr  Porrett,  every  ten  grains 
5f  the  ferro-cyanate  of  baryta  require  so  much  liquid  sulphuric 
acid  as  is  equivalent  to  2,53  grains  of  real  acid.* 

806.  The  fero-cyanic  acid  is  neither  volatile  nor  poisonous  ia 
small  quantities,  and  has  no  odour.  It  is  gradually  decomposed 
by  exposure  to  the  light,  forming  hydro-cyanic  acid  and  Pru»* 
sian  blue  ;  but  it  is  far  less  liable  to  spontaneous  decomposition 
than  the  hydro-cyanic  acid.  It  difiers  also  from  this  acid  by 
possessing  the  properties  of  acidity  in  a  much  greater  degree. 

807.  Different  opioioos  have  prevailed  as  to  the  nature  of  this 
acid.  Berzelius  maintains  that  it  is  a  snperrbydrocyanate  of  the 
protoxide  of  iron ;  but  M.  Robiquet  has  shown  that  this  sup^ 
position  is  inconsistent  with  the  phenomena.  The  view  which 
is  now  commonly  taken  of  the  composition  of  this  acid  was 
suggested  by  Mr  Porrett,  On  exposing  the  ferro-cyanate  of 
soda  to  the  agency  of  galvanism,  the  soda  was  observed  to  col- 
lect at  the  negative  pole,  while  oxide  of  iron,  together  with  the 
elements  of  hydrocyanic  acid,  appeared  at  the  positive.  From 
this  he  inferred  that  the  iron  does  not  act  the  part  of  a  base  in 
the  salt,  but  that  it  enters  into  the  constitution  of  the  acid  itself# 
Mr  Porrett  at  first  considered  the  iron  to  be  in  the  state  of  aa 
oxide ;  but  he  concludes  from  subsequent  researches,  that  the 
ferro-cyanic  acid  contains  no  oxygen,  and  that  its  sole  elements 


Propertie*. 


Opiniont  as 
to  its  aatare. 
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are  carbon,  hydrogen,  nitrogen  and  metallie  iron.  To  the  acid 
thus  constituted,  he  proposed  the  name  of  ferruretied  chy- 
azic  acid  ;  but  the  term  ferro-cyanie  introduced  by  the  French 
chemists,  is  more  generally  employed.     T. 

This  view  explains  why  the  iron  in  triple  prussiates  (ferro- 
cyanates)  is  not  discoverable  by  the  most  delicate  tests,  for  it  can 
no  more  be  affected  by  them,  than  sulphur  can  be  indicated  by 
its  appropriate  tests  when  existing  in  sulphuric  acid. 

808.  According  to  the  latest  analysis  by  Mr  Porrett,  ferro-  Compowtion. 
cyanic  acid  consists  of  1  atom  of  hydro-'Cyanic  acid-}- 2  atoms 
of  charcoal  +  1  atom  of  metallic  iron.  M.  Robiquet,  on  the 
other  hand,  regards  it  as  compounded  of  the  elements  of  hydro- 
cyanic acid  and  of  cyanide  of  iron,  in  the  same  manner  as  we 
may  conceive  alcohol  to  be  formed  of  water  and  olefiant  gas.* 
The  result  of  his  researches,  together  with  the  analysis  of 
Berzelius,  appears  to  justify  the  conclusion  that  the  ferro-cyanic 
acid  is  composed  of 


Or  of 


Hydrogen     .    .    .  S  atoms 

Iron 1  aton 

Cyanogen     ...  3  atoma 

Plydro-cyanic  acid  2  atomi 

Cyanide  of  iron  1  atom 


809.  The  ferro-cyanic  acid  is,  therefore,  analogous  to  several  b&niij- 
acids,  such  as  the  muriatic,  hydriodic,  and  hydrosulphuric  acids,  '"^^^ 
all  of  which  contain   hydrogen   as  an  essential  element,  and 
which  for  this  reason  are  termed  hydradds.     Under  this  view, 

the  ferro-cyanic  acid  may  be  regarded  as  a  compound  of  a  cer- 
tain radical  and  hydrogen. 

810.  The  salts  of  ferro-cyanic  acid  were  once  called  triple  luMitt. 
prussiates^  on  the  supposition  that  they  are  composed  of  prussic 

or  hydro-cyanic  acid,  in  combination  with  the  oxide  of  iron 
and  some  other  alkaline  base.  They  are  now  termed  ferro- 
eyanatesA 

811.  Carbon  and  Sulphur — Bi-sulphuret  of  Carbon, —  carbon  and 
This  substance  was  discovered  in  1796  by  Lampadius  who  '^,|"''  ^ 
regarded  it  as  a  compound  of  sulphur  and  hydrogen,  and  term-  aicohoror 
ed  it  alcohol  of  sulphur,     Clement  and  Desormes  first  declared  '^^'"* 

it  to  be  a  sulphuret  of  carbon,  and  their  statement  was  confirmed 
by  Berzelius  and  Dr  Marcet.} 

81S.  It  may  be  obtained  by  heating  in  close  vessels  the  native  How  obtain- 
bi-sulphuret  of  iron  (iron  pyrites)  with  one  fifth  of  its  weight  ^ 
of  well  drie.d  charcoal,  or  by  passing  the  vapour  of  sulphur  over 
fragments  of  charcoal  heated  to  redness  in  a  tube  of  porcelain. § 

•  Amu  ds  Chim.  et  de  PAys.  zvii.  197.  t  See  Smry  aod  TitnMr,  p.  463—315. 

tPkiL  TVaiw.  1613. 

(  A  coatod  eactboD  tube,  of  about  one  inch  and  a  half  in  diameter,  partly  filled  with  Bmall  piecea  of  „  . 

ehareoal,  woU  prepared  and  quite  free  from  moisture,  may  be  dispoeed  in  a  furiMce,  aa  repreeeoted  preparing, 
fig.  119,  one  end  being  placed  higher  than  the  other.    To  this  end  may  be  adapted  a  glaaa  tube,  open  p|  ^^ 
at  both  enda,  containing  cmoU  bits  of  sulphur ;  and  to  tlie  other  end,  by  means  of  an  adopter,  is  to 
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813.  The  bi-8u1phuret  of  carbon  has  the  following  properties* 
It  is  eminently  transparent,  and  perfectly  colourless.  Sometimesy 
immediately  after  distillation,  the  oily  liquid  appears  a  little 
opaque  and  ipilky;  but  the  next  day  it  is  found  to  have  become 
completely  limpid.  It  has  an  acrid,  pungent,  and  somewhat 
aromatic  taste;  its  smell  is  nauseous  and  fetid,  though  differing 
from  that  of  sulphuretted  hydrogen.  It  is  insoluble  in  water, 
but  soluble  in  alcohol  and  ether;  its  refractive  power  in  regard 
to  light  is  very  considerable.  Its  specific  gravity  is  IfilZ*  It 
boils  at  106°,  and  does  not  freze  at — 60®.  It  is  very  volatile, 
and  the  cold  which  it  produces  during  evaporation  is  so  intense, 
that  by  exposing  a  thermometer  bulb,  covered  with  fine  lint, 
moistened  with  it,  in  the  receiver  of  an  air-pump,  the  tempera- 
ture sunk,  after  exhaustion  to. —  80°.  When  a  mercurial  ther- 
mometer was  used,  the  metal  froze.  It  has  been  found  by  Mr 
Murray,  that  when  a  few  drops  of  this  liquid  are  poured  on  the 
surface  of  a  glass  of  water,  the  temperature  of  which  is  32^ 
Fahr.  plumose  branches  of  ice  dart  from  the  sulphuret  to  the 
bottom  of  the  vessel,  and  the  whole  water  is  suddenly  frozen. 
At  the  same  time,  the  sulphuret  becomes  volatilized  ;  and  the 
spirulae  of  ice  beautifully  exhibit  the  colours  of  the  solar  spec- 
trum.*    H.  1.  454. 

814.  Bi-sulphuret  of  carbon  is  inflammable,  and  when  burned 
with  oxygen,  produces  sulphurous  and  carbonic  acids. 

Decompofli-        815.  When  transmitted  over  ignited  copper  or  iron  turnings, 
^^^'  it  is  decomposed,  the  metal  combining  both  with  charcoal  and 

sulphur;  and  a  rose  coloured  fluid  is  obtained,  differing  in  its 
sensible  qualities  from  the  original  liquid,  and  apparently  con* 
sisting  of  the  same  elements  in  different  proportions.  It  is 
decomposed  also  when  brought  into  contact  with  ignited  per- 
oxide of  iron.  H.  1.  468. 
Compotition.  816.  The  proportions  of  the  elements  of  bi-sulphuret  of  car- 
bon are  deduced  by  Berthollet,  Thenard,  and  Vauquelin,  to  be 
from  14  to  15  parts  of  charcoal,  and  from  85  to  86  of  sulphur,  in 
100.  This  statement  of  its  composition  nearly  agrees  with  that 
determined  by  Berzelius  and  Dr  Marcet ;  viz. 

Sulphar 84,83    .    .    .    or  .    .    .     100, 

Carbon      .....     15,17 17,89 


InfluBmabl*. 


100  117,89 


bo  fixed  a  carvod  tubo,  patted  into  water  coataJned  in  a  two-nockod  bottle.  Tbe  part  of  the  tube, 
containing  the  charcoal,  may  thftn  be  made  rod  hot ;  and,  whpn  thif  happens,  tlie  bits  of  talfAnr  are 
to  be  poshed  forward*,  one  by  one,  by  means  of  a  wire,  carefVilly  exciudioK  the  air.  As  soon  as  tin 
sulphur  comes  into  contact  with  tbe  charcoal,  bubbles  of  gas  will  be  produced  In  great  abundance, 
and  a  vapour  will  appear,  which  will  condense  undor  the  water  in  tlie  lioltle,  into  a  liquid,  of  which, 
in  the  course  of  a  day,  about  half  a  pint  may  be  procured.  This  liquid  may  be  purified  by  rc-ditttiihng 
it  at  a  very  gentle  heat,  not  exceeding  100"  or  110^  FahraoJioit ;  and  some  dry  chloride  of  calcium  may 
be  put  into  Uic  retort,  in  onler  to  obtain  the  fluid  perfectly  free  from  water.  The  liquid  uhich  cornea 
orcr  is  quite  pure,  and  some  sulphur  remains  in  the  retort, 
•  ,Uh.  ^f  PMiios.  Ki.  .V.  B. 
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The  above-mentioned  numbers  establish  the  proportion  of 
the  elements  of  this  compound  to  be  two  atoms  of  sulphur  =  32 
to  one  of  carbon  =  6,  and  its  equivalent  number  to  be  SS. 

81".  Phosphuret  of  Carbon. — To  obtain  this  compound  Dr  ^JJ^^JJj^ 
Thomson  directs  the  following  process.*  Allow  phosphuret  of 
lime  to  remain  in  water,  till  it  no  longer  evolves  gas ;  then  add 
to  the  liquid  excess  of  muriatic  acid,  agitate,  and  filter.  Phos- 
phuret of  carbon  remains,  which  is  to  be  washed  and  dried.  It 
is  a  soft  powder,  and  when  exposed  to  the  air  it  slowly  imbibes 
moisture,  and  acquires  an  acid  flavour.  It  burns  at  a  red  heat, 
giving  out  its  phosphorus,  the  charcoal  being  prevented  burning 
by  a  coating  of  phosphoric  acid. 

It  consists  of  phosphorus  0,62  -f  carbon  0,38.t 

818.  Bi'Sulphuret  of  Carbon  and  Hydrogen — Hydroxan-  HydroxaDtuo 
thic  or  Carbo^lphuric  ^cid, — Prof.  Zeise  of  Copenhagen,  has  *"*** 
discovered  that  when  the  bi-sulphuret  of  carbon  is  agitated  with 

a  solution  of  pure  potassa  in  strong  alcohol,  the  alkaline  proper- 
ties of  the  potassa  disapj/car  entirely  ;  and  on  exposing  the 
solution  to  a  temperature  of  32°  F.  numerous  acicular  crystals 
are  deposited.  Prof.  Zeise  attributes  these  phenomena  to  the 
formation  of  a  new  acid,  the  elements  of  which  are  derived, 
in  his  opinion,  partly  from  the  alcohol,  and  partly  from  the 
bi-sulphuret  of  carbon.  He  regards  the  acid  as  a  compound 
of  carbon,  sulphur,  and  hydrogen.  To  the  radical  of  this  acid 
he  applies  the  term  Xanthogen  (from  {«v«0$  yellow^  and  ymnw 
I  generate)  expressive  of  the  fact  that  its  combinations  with 
fleve'ral  metals  have  a  yellow  colour.  The  atid  itself  is  called 
hydroxanihiCf  and  its  salts  hydroxanthates.  The  crystals  de- 
posited from  the  alcoholic  solution  are  the  hydroxanthate  of 
potassa. 

819.  The  action  of  ammonia  on  the  alcoholic  solution  of  bi-  Action  of 
sulphuret  of  carbon  is  very  diflTerent  from  that  of  potassa.  No  ■"**''"*•• 
hydroxanthate  is  formed ;  but  two  new  salts  are  produced,  the 

one  containing  a  new  acid  which  may  be  considered  as  a  com- 
pound of  sulpho-cyanic  acid  and  sulphuretted  hydrogen  ;  the 
other  as  containing  a  double  sulphuret  of  hydrogen  and  carbon. 
By  this  action,  the  ammonia  and  the  bi-sulphuret  both  undergo 
decomposition. 

820.  When  a  mixture  of  15  to  17  measures  of  bi-sulphuret 
of  carbon,  45  of  alcohol,  and  100  of  alcohol  saturated  with  am- 
monia, are  put  into  a  flask  which  tJ^ey  nearly  fill,  and  which  is 
then  closed  with  a  glass  stopper,  the  mixture  left  at  a  tempera- 
ture from  53°  to  57°  F.,  in  about  ten  minutes  becomes  yellow, 
and  in  about  twenty  minutes  brown.  Shortly  after,  a  great 
number  of  small  feathery  crystals  are  perceived,  the  greater 
part  of  which  fall  to  the  bottom  of  the  vessel.  A  flocculent 
matter  also  attaches  itself  to  the  stopper,  and  to  the  parts  of  the 
glass  which  are  not  covered  with  liquid,  of  the  same  nature  as 

"        III    I  — i— — .— ^^— ^i^>—    ■    I     I  I      I        -^— ^i^^^^— ^— — I  I  — — i— — ^— i— — ^M,.^— 1^1^— ^ 
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the  crystals.  This  goes  on  for  about  an  hour  or  an  hour  and  a 
half,  after  which  a  crystallization  of  another  kind  begins ;  the 
crystals  are  more  distinctly  grouped,  often  in  stars,  have  more 
brilliancy,  and  a  distinct  prismatic  form  ;  they  continue  to  be 
deposited  during  30  or  40  hours,  and  to  increase  in  size,  some- 
times to  that  of  half  an  inch.  At  the  same  time  the  first  crop 
of  crystals  diminishes  in  quantity,  and  sometimes  almost  disap- 
pears. The  salt  first  deposited  \&  a  double  sulphuret  of  carbon 
and  hydrogen  united  with  ammonia.  It  was  called  the  redden- 
ing salty  from  its  propertyof  becoming  speedily  red  by  contact 
with  the  air,  chiefly  from  the  absorption  of  moisture.  This 
change  takes  place  with  such  facility,  that  it  is  scarcely  possible 
to  obtain  it  otherwise  than  red,  unless  the  alcohol  be  removed 
by  washing  it  with  ether,  and  then  by  compression  in  bibulous 
paper,  it  may  be  dried,  and  will  bear  exposure  to  the  air  for 
five  or  six  minutes  without  alteration.  It  dissolves  entirely  and 
readily  in  water,  producing  a  brown-red  solution,  from  which 
sulphuric,  or  muriatic  acid  liberates  sulphuretted  hydrogen. 
This  solution  gives  a  red  precipitate  with  salts  of  lead,  brown 
with  salts  of  copper,  and  yellow  with  those  of  mercury.  All 
these  precipitates  change  gradually  even  when  secluded  from 
air ;  sulphuret  of  carbon  separatingi  and  a  metallic  sulphuret 
being  left. 

The  second  set  of  crystals  may  be  obtained  apart  from*  the 
first,  by  pourins:  oSf  (he  liquid  as  soon  as  they  begin  to  appear, 
which  is  generally  in  about  two  hours;  filtering  it  rapidly  through 
paper  moistened  with  alcohol ;  and  leaving  it  in  a  closed  wide 
mouthed  flask  for  ten  hours,  at  a  temperature  of  50®  Fahr.  In 
SO  hours,  the  liquor  may  be  decanted,  the  crystals  washed  with 
a  small  quantity  of  alcohol,  and  the  salt  compressed  between 
folds  of  paper.  If  intended  to  be  preserved,  it  may  be  dried 
by  keeping  it,  along  with  sulphuric  acid  in  vacuo.  It  is  nearly 
without  odour^ unless  it  has  been  exposed  to  a  damp  atmosphere; 
dissolves  abundantly  in  water,  but  less  readily  in  alcohol ;  its 
solution  efiervesces  with  those  acids  only  which  decompose  it, 
such  as  the  nitric ;  it  is  not  precipitated  by  salts  with  base  of 
lime  or  baryta,  but  is  precipitated  of  various  colours  by  metallic 
salts.  Solution  of  potassa,  heated  with  the  yellow  precipitate 
thrown  down  by  per-salts  of  copper  is  neutralized,  and  the 
hydro-sulpho-cyanate  of  potassa  of  Porrett  is  obtained.  From 
the  analysis  of  this  yellow  precipitate,  M.  Zeise  infers  tho 
ammoniacal  salt  to  which  he  gives  the  name  of  Hydro^aulphu* 
retted hydrO'SuIphocyanate  of  ammonia y  to  consist  of  one  atom 
of  ammonia,  one  atom  of  hydro-sulphocyanic  acid^  with  two 
atoms  of  hydrogen  and  one  sulphur. 
Action  of  per-  82 1.  By  ihc  actiou  of  per-sulphate  or  permuriate  of  iron,  added 
■aitsofiroa.  j^  small  portious  to  a  very  dilute  solution  of  the  ammoniacal 
salt  acidulated  with  muriatic  acid,  a  snow,  white  crystalline 
solid  is  obtained  in  the  form  of  shining  scales,  having  scarcely 
any  odour,  and  not  changing  remarkably  by  contact  with  air. 
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This  appears  to  be  a  crystalUxtd  kydro-suiphuret  of  cyanogen^ 
and  is  probably  a  compound  of  one  atom  of  nitrogen,  two  of 
carbon^  four  sulphur,  and  four  of  hydrogen."**     H.  1.  472. 


Section  VI.    Boron. 

8iSd.  Boron  was  first  obtained  by  Sir  H.  Davy  in  1808,  by  Rowduh 
the  action  of  Voltaic  electricity  on  boracic  acid.  When  that  ^^^•'•** 
acid  slightly  moistened  with  water,  was  exposed  between  two 
surfaces  of  platinum  to  a  battery  of  500  pairs  of  plates,  an  olive 
brown  matter  began  immediately  to  appear  on  the  negative  sur- 
face, and  gradually  increased  in  quantity.  This  substance  was 
found  not  to  be  acted  on  by  water,  but  to  dissolve  with  efferves- 
cence in  warm  nitric  acid.  When  heated  to  redness  on  plati- 
num, it  burned  slowly,  and  boracic  acid  was  regenerated. 
Bence  the  name  of  boron  has  been  applied  to  it     H.  1.  355. 

83d.  This  substance  is  also  obtained  by  heating  in  a  copper  Mode  of  ob- 
tube  two  parts  of  the  metal  potassium,  with  one  of  boracic  acid  ^  °^*  . 
previously  fused  and  powdered.  In  this  experiment  the  boracic 
acid,  which  consists  of  boron  and  oxygen,  is  decomposed  by 
the  potassium.  The^^ed  matter  is  washed  out  of  the  tube, 
and  the  whole  put  ufRi  a  filter.  The  boron  remains  in  the 
form  of  a  brown,  insipid,  insoluble  powder,  unaltered  by  expo- 
8ui*e  to  air  at  common  temperatures,  but  when  heated  to  600^ 
it  burns  with  much  brilliancy,  especially  in  oxygen  gas,  and 
produces  boracic  acid.  It  is  a  non-conductor  of  electricity. 
Berzelius  finds  the  easiest  and  most  economical  method  of 
obtaining  boron,  is  by  the  decomposition  of  an  alkaline  boro- 
fiuate  by  potassium.  The  boron  must  be  washed  with  a  solution 
of  sal  ammoniac,  and  finely  with  alcohol,  because,  when  pure 
water  is  used,  a  considerable  portion  passes  in  a  dissolved  state 
through  the  filter. 

824.  Boracic  acid  is  usually  obtained  by  dissolving  the  salt  Boron  wiui 
called  borax  in  hot  water,  and  subsequently  adding  half  its  ^'3^^^* 
weight  of  sulphuric  acid  ;  as  the  solution  cools,  white  scaly 
crystals  appear,  which,  when  washed  with  cold  water  are  nearly 
tasteless,  and  which  consist  of  boracic  acid  combined  with  water 

and  retaining  a  little  sulphuric  acid,  which  it  loses  by  exposure 
to  a  strong  red  heat,  and  fuses  into  a  glass. 

825.  Boracic  acid  is  very  difficultly  soluble  in  water;  the  solu-  propetti««. 
tion  reddens  vegetable  b!ues,  but  possesses  the  singular  property 

of  rendering  the  yellow  of  turmeric  brown,  in  the  manner  of  an 
alkali.  Irs  solution  in  spirit  of  wine  bums  with  a  green  flame. 
Its  specific  gravity  is  1,479.  This  acid  was  first  obtained  by 
Homberg,  in  1702,  and  was  used  in  medicine,  under  the  name 


*  Boe  thn  original  momoirt  in  the  .fjiit.  de  Chim.  et  de  Phy»-  xxvi.  66.  113,  and  to  ao  tbttract  In 
tlM  ^crt.  J««r.  xviii.  149. 
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Compotitioo* 


N^tlTft. 


Boron  and 
chlorine. 


Boron  and 
Fluorine. 
Fluo-boric 
acid. 


of  Homberg^s  Sedative  Salt.    Its  nature  was  first  showD  by 
Davy. 

S2(f.  From  a  review  of  the  experiments  of  others  and  re- 
searches of  his  own,  Dr  Thomson  concludes  that  one  of  boroo 
unites  with  two  of  oxygen  to  form  boracic  acid.*  If,  therefore, 
we  consider  it  as  consisting  of  1  proporlionai  of  boron  and  2  of 
oxygen,  the  number  representing  boron  will  be  8,  and  boracic 
acid  will  consist  of 

1  Boron        8 

2  Oxygen    16 

Boracic  acid  94 

'    Crystallized  boracic  acid;  according  to  the  same  chemist,  is 
composed  of 

Boracic  acid      ...    34 
Wattr 18 

and  itp  atomic  weight  is  42 

Boracic  acid  is  a  constituent  of  some  minerals  as  datholite  and 
boracite. 

827.  Native  boracic  acid  has  been  found  in  the  Lipari 
islands,  and  also  in  the  hot  springs  of  Sasso,  in  the  Florentine 
territory ;  hence  the  term  Sassolin  applied  to  it  by  some  min- 
eralogists. •  ^ 

828.  Boron  burns  in  chlorine  gas  wil^onsiderable  splendour. 
The  chloride  of  boron,  according  to  M.  Duma8,t  may  be  pre- 
pared by  passing  dry  chlorine  gas  over  a  mixture  of  charcoal 
and  boracic  acid,  heated  to  incandescence  in  a  porcelain  tube. 
The  tube  should  first  be  heated  to  expel  all  moisture  from  the 
mixUrre,  and  the  gas  having  been  passed  over  it  for  about  a 
quarter  of  an  hour,  an  adapter  and  bent*tube  are  to  be  attached 
and  the  chloride  received  over  mercury.  It  is  gaseous,  colour- 
less, denser  than  air,  fuming  in  contact  with  it,  decomposable 
by  water^  and  resists  a  high  temperature.): 

829.  When  perfectly  dry  boracic  acid  and  fluate  of  lime  (fluo- 
ride of  calcium)  were  exposed  to  a  strong  heat  in  an  iron  tube, 
in  the  proportion  of  oiie  part  of  the  former  to  two  of  the  latter, 
a  gas  was  obtained  by  Gay-Lussac  and  Thenard,  to  which  the 
name  of  gas  fiuo-borique  or  fluo-boric  acid  gas  was  given.  It 
may  also  be  obtained  by  heating  in  a  retort  twelve  parts  of  sul- 
phuric acid,  with  a  mixture  of  one  part  of  fused  boracic  acid,  and 
two  of  fluor  spar,  reduced  to  a  very  fine  powder.§  The  gas 
must  be  received  over  mercury. 

830.  Fluo-boric  acid  gas  is  colourless,  has  a  penetrating  odour, 
and  extinguishes  flame.  It  reddens  litmus  paper,  and  forms 
salts  with  alkalies  which  are  called  fiuo-borates. 

831  It  has  a  remarkable  affinity  for  water.  When  it  is 
mixed  with  air  or  any  gas  which  contains  watery  vapour,  a 


*  Thomion'ii  SftUm,  toI  i.  p.  949, 5th  edit  t  .^im.  d$  CA>«*  ux.  379. 

t  See  aiflo  0  proreM  by  M.  Oenpretz,  ^art.  Jour.  N>  S.  i.  334. 
$  Dr  J.  Davy,  FhiL  Tran».  W13. 
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dense  white  cloud  appears,  which  is  a  combination  of  water  and  * 
fluo-boric  acid  gas.     According  to  Dr  Davy  water  absorbs  700 
times  its  Tolume  of  this  gas,  caloric  is  evolved  and  the  water 
acquires  an   increase  of  volume.      The  saturated  solution   is  > 
limpid,  fuming,  and  very  caustic. 

83^.  Fluo* boric  acid  gas  does  not  act  on  glass,  but  attacks 
animal  and  vegetable  matters  with  great  energy,  converting 
them,  like  sulphuric  acid,  into  a  carbonaceous  substance. 

833.  When  potassium  is  heated  in  iluo-boric  acid  gas  it  in-  Action  of 
flames,  and  a  chocolate-coloured  solid,  is  produced.     On  putting  p"*""""' 
this  substance  into  water,  a  part  of  it  dissolves,  and  a  solution 

is  obtained,  which  has  all  the  characters  of  the  fluate  of  pofassa. 
The  insoluble  matter  is  boron.  From  this  and  other  experi- 
ments it  has  been  inferred  that  fluo-boric  acid  gas  is  a  compound 
of  fluoric  and  boracic  acids.  Sir  H.  Davy  regards  it  as  a  com- 
pound of  fluorine  and  boron,  and  ascribes  the  combustion  of 
potassium  in  it  to  the  combination  of  that  metal  with  fluorine. 

834.  The  specific  gravity  of  this  gas  was  found  by  Dr  Davy  speeifiegmY- 
to  be  2,3709  and  by  Dr  Thomson  2,3622.  ''y* 

835.  It  appears  from  the  experiments  of  Dr  J.  Davy*  that 
fluo-boric  acid  gas  is  capable  of  condensing  successively  one, 
two  and  three  volumes  of  ammonia.  The  first  is  a  white  solid, 
volatile  in  close  vessels  by  a  gentle  heat.  The  two  other  com- 
pounds are  liquid,  and  when  exposed  to  the  atmosphere,  lose 
ammonia  and  pass  into  the  first. 

From  an  analysis  of  the  second  compound,  Dr  Thomson  de-  Compodtion. 
duces  the  atomic  weight  of  fluo-boric  acid  to  be  34. 
According  to  Berzelius  it  is  constituted  of 

Fluoric  acid 47,942 

Boracic  acid 52,058 

100,000.t 

836.  Boron  takes  fire  and  burns,  when  strongly  ignited  in  sniphoretor 
the  vapour  of  sulphur.     The  sulphuret  is  a  white  opaque  sub-  ^"*°' 
stance,  which  when  put  into  water  is  converted  into  sulphuretted 
hydrogen  and  boracic  acid.        ^ 


Section  VII.     Silicon. 

837.  That  silica  or  siliceous  earth  is  composed  of  a  combusti-  snieon  aia- 
ble  body  united  with  oxygen,  was  demonstrated  by  Sir  H.  Davy;  «»'«•*• 
for  OQ  bringing  the  vapour  of  potassium  in  contact  with  pure 
silica  heated  to  whiteness,  a  compound  of  silica  and  potassa  re- 
sulted, through  which  was  difiused  the  inflammable  base  of  silica 
in  the  form  of  blacl^  particles  like  plumbago.    To  this  substance^ 

•  Pka,  Trau,  1812.  f  •tm.  of  PhiUs.  N.  S.  x.  1^, 
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'  on  the  supposition  of  its  bein^  a  metal,  the  term  silicium  was 
applied.  But  as  it  offered  a  closer  analogy  with  boron  and  car- 
bon than  with  the  metals;  Sir  H.  Davy  and  Dr  Thomson  gave  it 
tlie  name  silicon. 

838.  Silicon  was  obtained  by  Berzclius  by  the  action  of 
potassium  on  fltiosilicic  acid  gas.*  The  most  convenient  method 
of  preparing  it  is  by  heating  potassium  with  the  dry  fluate  of 
silica  and  potassa.  The  residue,  after  being  well  washed  with 
hot  water,  is  heated  to  redness  to  expel  a  little  hydrogen  which 
was  united  to  the  silicon,  and  it  is  then  digested  in  dilute  fluoric 
acid,  with  the  view  of  dissolving  adherent  particles  of  silica. 

839.  Obtained  in  this  manner  silicon  has  a  dark  nul  brown 
colour,  without  the  least  trace  of  metallic  lustre.  It  is  a  non- 
conductor of  electricity ;  incombustible  in  air  and  in  oxygen 
gas  ;  and  may  be  exposed  to  the  flame  of  the  blow  pipe  without 
fusing  or  undergoing  any  other  change.  It  is  not  acted  upon 
by  sulphuric,  nitric,  muriatic  or  fluoric  acids  ;  but  a  mixture 
of  the  nitric  and  fluoric  acids  dissolves  it  readily  even  in  the 
cold. 

840.  Silicon  is  not  changed  by  ignition  with  chlorate  of 
potassa.  in  nitre  it  does  not  deflagrate  until  the  tem{)erature  is 
raised  so  high  that  the  acid  is  decomposed.  With  carbonate  of 
potassa  or  soda  it  burns  vividly.  It  explodes,  in  consequence 
of  a  copious  evolution  of  hydrogen,  when  it  is  dropped  upon 
the  fused  hydrates  of  potassa,  soda,  or  baryta.' 

841  From  synthetical  experiments  48  parts  unite  with  52  of 
oxygen;  supposing  the  elements  of  silica  to  be  in  equal  weights, 
the  same  number,  8,  would  represent  silicon  and  oxygen. 

842.  Oxide  of  Silicon^  Silica^  or  Siliceous  Earlh,  is  a  very 
abundant  natural  product.  It  constitutes  a  principal  ingredient 
of  several  rocks,  that  form  extensive  mountain  masses  ;  it  com- 
poses a  large  proportion  of  the  sand  found  in  the  beds  of  rivers, 
and  on  the  sea  shore,  and  enters  largely  into  several  minerals, 
as  quartz,  calcedony,  opal,  &c.  It  constitutes  an  essentiaJ  ingre- 
dient of  fertile  soils,  and  renders  them  porous  and  open  to  the 
transmission  of  moisture.  It  exists  pure  in  rock-crystal,  and 
nearly  pure  in  flint,  and  it  may  be  obtained  tolerably  pure  from 
flints  by  the  following  process  : 

Procure  some  common  gun-flints,  and  calcine  them  in  a  cruci- 
ble in  a  low  red  heat.  By  this  treatment  they  will  become 
brittle,  and  easily  reducible  to  powder.  Mix  them,  when  pul- 
verized, with  three  or  four  times  their  weight  of  carbonate  of 
potassa,  and  let  the  mixture  be  fused  in  a  strong  red  heat,  in  a 
crucible.  The  materials  must  bear^nly  a  small  proportion  to 
the  capacity  of  the  crucible ;  and  the  heat  must  at  first  be  very 
moderate,  and  slowly  increased.  Even  with  this  precaution, 
the  mass  on  entering  into  fusion,  will  be  apt  to  overflow  ;  and 
^-must  be  pressed  down,  as  it  rises,  by  an  iron  rod.     When  this 


*  ^Uh.  Ue  i.k*M.  et  Phftt.  xxvu.  337 ;  and  Botton  Ji»«r.  ^f  PUU§.  Ui.  37. 
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eflfcrvescence  has  ceased ,  let  the  heat  be  considerably  raised,  so 
that  the  materials  may  be  in  perfect  fusion  during  half  an  hour, 
and  pour  the  melted  mass  on  a  copper  or  iron  dish.  We  shall 
thus  obtain  a  compound  of  alkali  and  siliceous  earth.  Dibsolve 
this  in  water,  filter  the  solution,  and  pour  it  into  diluted  sulphu- 
ric or  muriatic  acid.  An  immediate  precipitation  will  ensue, 
and  as  long  as  this  continues,  add  fresh  portions  of  the  solution. 
In  precipitating  the*alkaline  solution  of  silica,  more  acid  must 
be  used  than  is  su£Bcient  to  engage  the  alkali ;  and  the  alkaline 
liquor  must  be  added  to  the  acid,  and  not  the  reverse ;  for,  in 
the  latter  case  the  precipitate  will  be  glass  and  not  silica.  Let 
the  precipitate  subside,  pour  off  the  liquor  that  floats  above  it, 
and  wash  the  sediment  with  hot  water,  till  it  comes  off  tasteless. 
Then  dry  it. 

843.  Silica,  obtained  by  this  process,  though  pure  enough  for  soparatioa 
many  experiments,  may  still  contain  a  portion  of  alumina.     To  •^  **""*"*• 
separate  the  latter  earth,  boil  the  precipitate  with  diluted  sul- 
phuric acid,  to  which  a  little  sulphate  of  potassa  may  be  added. 

The  alumina  will  thus  be  dissolved  ;  and  the  silica  may  be  freed 
from  the  solution  of  alum  by  repeated  washings  with  water. 
Even  silica,  however,  that  has  been  most  carefully  washed,  still 
gives  traces  of  potassa  on  the  application  of  electro<chemical 
powers.*     H.  1.  643. 

According  to  Prof.  Brande  silica  may  be  obtained  of  suffi- 
cient purity  for  most  purposes  by  heating  rock  crystal  to  red- 
ness, quenching  it  in  water,  and  then  reducing  it  to  Cine  pow- 
der. 

844.  Silica  is  white ;  its  specific  gravity  is  2,66.     It  fuses  at  Propertiw. 
a  very  high  temperature.     In  its  ordinary  stare  it  is  insoluble 

in  water;  but  it  dissolves  in  very  minute  portions  in  that  fluid, 
when  recently  precipitated  in  the  form  of  gelatinous  hydrate  ; 
and  in  the  same  state  it  dissolves  sparingly  in  the  acids.  It 
readily  unites  with  the  fixed  alkalies,  and  forms  glass ;  or,  if 
the  alkali  be  in  excess,  a  liquid  solution  of  the  earth  may  be 
obtained  {liquor  silicum,)  from  which  it  is  precipitated  in  the 
state  of  a  gelatinous  hydrate  by  acids.  This  alkaline  solution, 
after  having  been  kept  for  several  years,  has  formed  small  crys- 
tals of  silica.  It  sometimes  forms  a  deposit  much  like  calce- 
dony,  and  as  hard.t 

845.  In  consequence  of  its  possessing  a  stronger  affityty  for  siiicieaicid. 
alkalies  and  earths  than  for  acids,  as  well  as  from  its  other  habi- 
tudes, silica  has  been  thought  to  present  a  closer  analogy  with 

acids  than  with  earths  ;  and  has  been  called  silicic  acid  and  its 
Compounds  silicates  ;  but  on  the  other  hand  it  is  deficient  in 
some  of  the  characters  which  have  hitherto  been  deemed  essen- 
tial to  acidity.     H.  I.  645. 

346.  Glass  is  essentially  a  compound  of  silica  with   fixed  qiim. 
alkali,  a  variety  of  other  substances  being  occasionally  added  for 

*  Davy.  t  S«o  Thon»oD'a  First  i'rln.  i.  194. 
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particular  purposes,  among  which  oxide  of  lead  is  perhaps  the 
most  important.  Bottle  glass  is  obtained  from  a  mixture  of 
alkali  and  common  sand,  but  flint  glass  is  prepared  from  a 
very  pure  siliceous  sand,  a  little  of  the  oxide  of  lead  and  of 
manganese,  being  added  to  aid  the  vitrification,  and  prevent  the 
greet!  tint  which  is  produced  when  any  oxide  of  iron  is  present. 
The  art  of  colouring  glass  and  of  making  artificial  gems' is  of 
an  old  date,  and  e£fected  b^'  metallic  oxides;* 

847.  Glass  vessels  must  be  cooled  very  slowly,  otherwise  they 
become  very  brittle,  and  this  process  is  termed  the  anneal- 
ing of  glass.  When  glass  is  properly  prepared,  very  few 
chemical  agents  have  any  action  on  it.  Fluoric  acid,  however, 
dissolves  it  readily,  from  the  powerful  affinity  which  it  has  for 
silica.  The  alkaline  metals  appear  to  decompose  glass,  combin- 
ing with  the  oxygen  of  the  potassa  or  silica ;  and  Sir  H.  Davy 
found  that  the  oxide  of  lead,  which  fine  glass  contains,  is  acted 
on  by  muriatic  acid  at  a  high  temperature,  chloride  of  lead  and 
water  being  formed.t 

S4S.  The  only  acid  body  which  acts  energetically  upon  silica 
is  the  hydrofluoric  acid,  (see  Filiate  of  lime.)  The  result  of 
this  action  is  a  gaseous  compound,  which  has  been  called  sili" 
cated  fluoric  acid,  or  fluO'Silicic  acid;  it  is  probably  a  compound 
of  silicon  and  fluorine  ;  Berzelius  maintains,  that  it  is  not  an 
acid,  but  a  real  gaseous  salt,  the  fluate  of  silica,  of  which  fluoric 
acid  is  the  acid  and  silica  the  base.  He  regards  the  fluosilicates 
as  double  salts,  which  are  composed  of  the  fluate  of  an  alkali 
united  with  the  fluate  of  silica. :t  According  to  Dr  Thomson  it 
is  composed  of  1  atom  fluoric  acid  10  -|-  1  of  silica  16  =  26. 

To  obtain  this  gaseouf  cornpoond,  three  parts  of  fluor  spar,  and  one  of  silrca 
finely  powdered,  are  mixeo  in  a  retort  with  au  equal  weight  of  sulphuric  acid. 
Or  finely  powdered  fluor  spar  may  be  mixed  with  half  its  weight  of  pulverized 
glass  and  an  equal  weight  of  strong  sulphuric  acid  ;  a  geutle  hedt  is  applied,, 
and  the  gas  evolved  is  to  be  collected  over  mercury. 

849.  Silicated  fluoric  acid  is  a  colourless  gas ;  its  odour  is 
acrid,  much  resembling  muriatic  acid  ;  its  taste  very  sour  ;  its 
specific  gravity  3, 573§  compared  with  air;  100  cubic  inches 
weigh  1 10,78  grains. ||     It  extinguishes  burning  bodies.     It  pro- 


*  The  metals  empluyed  us  colouring  material!  are :  1.  Gold.  The  purple  of  Canios  imparta  a  fine 
Miby  tint.  2.  Silver  Oxide  or  pboaphale  of  silver  givea  a  yellow  colour.  3.  Iron  The  oxides  of 
iroD  produce  green,  yellow,  and  browui  dependiog  upon  the  state  of  oxidixcroeot  and  quantity  4. 
Copper.  The  oxides  of  copper  give  a  rich  green  ;  they  also  produce  a  red  when  mixed  with  a  small 
proi>ortion  of  taitar,  which  tends  partially  to  reduce  the  oxide.  5.  Antimony  imparu  a  rich  yellow. 
6.  Manganese.  The  black  oxide  of  this  mcl{il,  in  large  quantities,  fonns  a  black  glass ;  in  smaller 
quantities,  various  shades  of  purple.  7.  Cobalt,  in  the  state  of  oxide,  gives  beautiful  blues  of  various 
shades ;  and  with  the  yellow  of  antimony  or  lead  it  produces  green.  8  Chrome  produces  fine  greens 
and  reds,  depending  upon  the  state  of  oxidizement. 

The  following  are  the  best  autliorities  upon  the  subject  of  coloured  glasses  and  artificial  gems  :— 
Neri,  Jirt  de  la  yerrcrie.  Kunckol.  Fontaineau,  EneffclopedU  JiietAodiqw,  AnntUe*  de  Ckim.  el 
Pkys.  xiv.  57.    Aikin*s  Dictionarjft  Art.  Glass. 

t  fVkiu  KnaNti^  is  merely  glass,  rendered  more  or  less  milky  or  opaque  by  the  addition  of  oxide  of 
tin :  it  forms  the  basis  of  the  coloured  eoamelsi  which  are  tinged  with  tho  metallic  oxides. 

X  JifM.  fU  Chim.  t  de  Phv-  Wii.  $  3,6111,  T.  II  110, 1355,  T. 
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duces  white  fumes  when  in  contact  with  damp  air;  and  when 
exposed  to  water,  two  compounds  of  silica  with  fluoric  acid  are 
formed  ;  the  one  act  J,  and  dissolved  in  the  water;  the  other 
containiug  excess  of  silica  and  insohible.  The  dry  compound 
contains  62  per  cent  of  silica ;  the  aqueous  solution  only  retains. 
55  per  cent.     Water  dissolves  263  times  its  bulk  of  this  gas. 

850.  When  one  volume  of  silicated  fluoric  acid  is  mixed  with  j^^^^ 
two  of  ammonia,  a  total  condensation  ensues,  and  a  dry  white 

salt  results,  which  is  slightly  acid,  deposits  silica  by  solution  in 
water,  and,  when  its  concentrated  solution  is  boiled  in  glass 
vessels,,  powerfully  corrodes  them.  By  adding  excess  of  am- 
monia the  whole  of  the  silica  is  precipitated^  and  a  pure  fluate 
of  ammonia  is  obtained.     H. 

851.  If  silicon  is  heated  in  a  current  of  chlorine,  it  takes  fire  orcUorine, 
and  continues  to  burn.     If  the  gas  con^ins  atmospheric  air^ 

some  silica  remains  in  the  form  of  a  slight  skeleton.  Silicon^ 
burns  equally  well  in  chlorine,  whether  or  not  it  has  lost  its 
combustibility  in  the  air.  The  product  condenses  and'presents 
a  yellowish  liquid  when  it  contains  an  excess  of  chlorine^ 
but  which  is  without  colour  when  it  is  freed  from  this  excess. 
This  liquid  is  very  fluid  ;  it  evaporates  almost  instantaneously 
when  exposed  to  the  air,  yielding  white  vapours,  and  leaving 
a  residuum  of  silica.  It  has  a  very  penetrating  smell,  which 
may  be  compared  in  some  degree  to  that  of  cyanogen.  Thrown 
into  water,  it  floats  on  the  top  ;  it  generally  dissolves  in  it,  or 
leaves  a  little  silica.  If  the  quantity  of  water  is  small,  a  drop^ 
for  example,  on  as  much  chloride  of  silicon,  this  envelopes  it, 
and  the  silica  remains  in  a  frothy  semi-transparent  mass*  This 
liquid  is  analogous  to  the  combinations  of  the  other  electro- 
negative bodies  with  chlorine. 

852.  At  common  temperatures  potassium  has  no  action  on  ^voUMmm. 
chloride  of  silicon ;  but  when  heated  in  the  vapour  of  the  latter 
substance  it  takes  fire  and  produces  a  compound  of  potassium 

and  silicon. 

853.  Silicon  heated  to  a  perfect  red  in  the  vapour  of  sulphur  Sniphont.    i 
inflames  and  burns,  but  with  less  intensity  than  in  oxygen  ;  and 

the  combination  even  does  not  take  place  with  the  incombusti- 
ble silicon.  The  sulphuration  is  usually  as  incomplete  as  the 
oxidation,  and  a  scorified  mass  is  obtained  of  a  dark  grey  colour. 
It  sometimes  happens,  however,  particularly  when  a  vacuum  is 
madd  in  the  vessels  before  volatilizing  the  sulphur,  that  the 
silicon  becomes  completely  sulphuretted,  at  least  in  a  part  of  its  ^ 
mass.  It  then  presents  an  earthy  white  body,  which,  thrown 
into  water,  instantly  dissolves  in  it  with  the  evolution  of  sul- 
phuretted hydrogen.  The  silicon  is  converted  into  silica  which 
dissolves  in  the  water;  and  if  this  is  in  small  quantity, a  solution  water? °" 
may  be  obtained  so  much  concentrated,  that  it  solidifies  after  a 
slight  evaporation,  and  it  leaves  the  silica,  after  the  desiccation, 
in  a  transparent  fissured  mass.  Silicon  imperfectly  sulphuretted 
also  decomposes  water  rapidly,  with  disengagement  of  hydro- 

30  ^ 
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^  gg^n,  and  solution  of  the  iilica  in  the  water ;  and  the  silicon 

which  was  not  combined  widb  the  sulphur  becomes  separated. 
In  the.  air  the  sulphuret  of  silicon  diffuses  a  very  strong  smell  of 
sulphuretted  hydrogen,  and  loses  in  a  little  tii^e  all  its  sulphur; 
but  in  dry  air  it  may  be  preserved  a  long  time*  At  a  red  heat, 
it  contracts  and  shrivels  up,  yielding  sulphurous  acid  and  silica. 
'  This  change,  however,  takes  place  but  slowly;  for  when  kept 
at  a  red  heat  for  some  moments,  it  still  has  the  property  of  de- 
composing water. 
AUoTi*  854.  Silicon,  when  once  isolated,  combines  with  the  metals 

with  much  difficulty.  Its  remarkable  affinity  for  platinum  is 
known  by  the  experiments  of  M.  Boussingault ;  but  it  may  be 
heated  as  often  and  as  long  as  we  choose  in  a  platinum  crucible, 
without  any  combination  taking  place.  But  if  we  endeavour 
to  reduce  silicium  by  potassium  in  a  platinum  crucible,  the 
silicon  penetrates  deeply  into  the  platinum  wherever  this  is 
touched  by  potassium.  Copper,  silver,  lead,  and  tin,  heated 
with  silicon  by  the  blow-pipe,  do  not  seem  changed  in  their 
appearance,  nor  in  their  ductility  ;  notwithstanding  when  they 
are  treated  with  acids  they  leave  a  small  quantity  of  silica. 

Silicon  combines  with  potassium  at  a  high  temperature,  but 
without  the  evolution  of  a  remarkable  heat.  It  affords  two 
combinations ;  one  with  excess  of  potassium,  of  a  dark  grey, 
and  which  dissolves  completely  in  water ;  the  other,  with  less 
potassium,  is  obtained  by  the  reduction  before  stated,  or  by 
exposing  the  first  to  a  very  strong  heat 


^lafliiim- 


SfiCTioN  VIII.    Selenium. 

Selenium  was  discovered  in  1818  by  Berzelius  in  the  sulphur 
obtained  by  sublimation  from  the  iron  pyrites  of  Fahlun  in 
Sweden. 
iioam««r        In  the  chambers  for  manufacturing  sulphuric  acid,  a  reddish 
"  mass  is  deposited,  which  is  principally  sulphur.*     This  sub- 

stance, in  burning,  gave  out  an  odour,  which  induced  Berzelius 
to  suspect  that  it  contained  tellurium,  but  on  a  minute  examina- 
tion he  discovered,  instead  of  that  metal,  a  body  with  entirely 
new  properties,  to  which  he  has  given  the  name  of  Seleniufn. 
The  process  by  which  it  was  extracted,  is  described  in  the  Idth 
vol.  of  Annals  of  Philosophy,  p.  403. 

According  to  Berzeliust  selenium  and  sulphur  may  be  sepa- 
rated by  the  following  process.    When  sulphuret  of  selenium 

*  It  hai  been  lately  dieeorered  by  M.  Btromejer  amiNigst  the  Toleanie  produetp  of  the  Liperi  iilaadb, 
tnd  the  peculiar  oraiife  tint  of  the  ralphnr  from  thoee  klandt  is  eapposed  to  proceed  from  ile  praeeaee. 
See  Aw^*  PkiloM.  N.  8.  x.  S3I.— ProftmonStiomejer  and  Hanamann  have  given  an  aeooimtof  anew 
ore  of  lead  eontaioing  lelealam.  See  BMtvH  JSrar.  ii.  JS07.  It  hai  alio  been  fo^nd  combined  with 
Cobalt,  ailTer,  mereiiry  and  oopper* 
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18  fused  with  oarbonate  of  potassa,  the  alkali  not  being  in  excess, 
the  fused  mass,  dissolved  in  water,  leaves  selenium  undissolved 
and  free  from  sulphur.  i 

855.  The  colour  of  Selenium  varies  a  good  deal.    When  propwUM. 
rapidly  cooled,  its  surface  has  a  dark  brown  hue,  and  its  frac- 
ture the  colour  of  lead.     Its  powdfsr  has  a  deep  red  colour^  but 

it  sticks  together  when  pounded,  and  then  assumes  a  grey  colour 
and  a  smooth  surface.  It  softens  at  212^  Fahr.,  and  completely 
fuses  at  a  few  degrees  higher.  While  cooling,  it  has  a  consid- 
erable degree  of  ductility,  and  may  be  kneaded  between  the 
fingers,  and'  drawn  out  into  fine  threads,  which  have  a  strong 
metallic  lustre,  an  imperfect  degree  of  transparency ;  and  are 
red  by  transmitted,  but  grey  by  reflected  light.  When  slowly 
cooled  it  assumes  a  granulated  fracture,  and  is  extremely  like 
a  piece  of  cobalt.  At  a  temperature  nearly  equal  to  that  of 
boiling  mercury,  selenium  enters  into  ebullition ;  and  condenses 
either  into  opaque  metallic  drops,  or,  when  a  retort  with  a  large 
neck  is  used,  into  flowers  of  a  fine  cinnabar  colour.  Its  vapour 
has  a  deep  yellow  colour,  more  intense  than  that  of  chlorine^ 
but  not  so  deep  as  that  of  sulphur. 

856.  When  heated  before  the  blow-pipe,  it  tinges  the  flame 
of  a  fine  azure  blue,  and  exhales  so  strong  a  smell  of  horse-rad- 
ish, that  a  fragment,  not  exceeding  ^V  ^^  ^  grain,  is  sufScient  to 
fill  the  air  of  a  large  apartment. 

857.  Seknium  and  Oxygen. — Oxide  of  Selenium  is  formed  ozia*. 
by  heating  Selenium  in  a  close  phial  with  common  air,  which 
acquires  a  strong  smell  of  horse-radish.     Water  agitated  with    , 
this  air  imbibes  the  odour  of  the  gas,  and  reddens  litmus  feebly, 

but  this  appears  to  be  owing  to  the  production  of  a  small  quantity 
of  selenic  acid.  Selenic  oxide  gas  is  very  sparingly  soluble  in 
water,  and  does  not  impart  any  taste  to  it.  It  does  not  combine 
with  liquid  alkalies.  \  '      . 

858.  Selenium  digested  in  nitric  or  nitro-muriatic  acid  till     '  ' 
it  is  completely  dissolved,  afibrds  on  evaporation  a  white  sub-  > 
stance  which  has  been  considered  as  selenic  acid,  but  which, 
from  the  late  experiments  of  M^  M.  Mitscherlich  and  Nitzsch,* 
who  have  discovered  another  compound  containing  half  as  much 
more  oxygen,  is  more  properly  seleniaue  add. 

859.  Selenious  acid  has  a  sour  taste,  and  leaves  a  slightly  g^ieaiom 
burning  sensation  on  the  tongue.    It  is  very  soluble  in  cold  aflM. 
water,  and  dissolves  in  almost  every  proportion  in  boiling  water. 

A  saturated  solution  crystallizes,  when  rapidly  pooled,  in  small 
grains,  and  when  slowly  cooled  in  striated  prisihs.  The  crys- 
tals dissolve  in  great  abundance  in  alcohol,  and  the  solution^ 
when  distilled,  yields  a  fluid  having  an  ethereal  smell. 

Selenious  acid  is  easily  reduced  both  in  the  moist  and  the  dry  pgop^mM. 
way.     When  a  plate  of  zinc  or  polished  iron  is  introduced  iij|to 
a  solution  of  selenious  acid  mixed  with  muriatic  acid,  selenium 

-■I     ■        ■       ■       ■  I  I  !■■ ■  ■ 

*  Am»  49  Ckim.  nunri.  IW. 


236 


Selenic  Jlcid. 


CHAP.  in. 


CompovtioD. 


IS  precipitated  in  the  form  of  red,  or  brown,  or  blackish  plates. 
It  is  revived^  also^  by  sulphuretted  hydrogen,  and  sulphurous 
acid  gases. 

860.  From  his  inyestigation  of  this  acid,  Berzelius  has  infer- 
red it  to  consist  of 

Selenium 71,261 WQfiO 

Oiygen 28,739 40,33 

100. 

On  the  supposition'  that  it.  is  constituted  of  an  atom  of  base 
+  2  atoms  of  oxygen,  the  equivalent  number  for  selenium  will 
be  40,  and  for  seleuious  acid  56. 
BeioDieaeid.  861.  Seletiic  ocid  is  prepared  by  fusing  selenium,  selenious 
acid,  a  selegite  or  a  metallic  selenuret  with  nitre.  Selenuret  of 
lead,  being  the  most  abundant  source,  has  been  used  for  this 
purpose,  but  being  accompanied  b}'  sulphuret,  the  selenic  acid 
is  usuaUy  contaminated  by  sulphuric  acid.  The  selenuret  of 
lead  is  to  be  freed  from  carbonates  by  muriatic  acid,  and  the 
residue  mixed  with  its  weight  of  nitrate  of  soda,  and  thrown 
gradually  into  a  red  hot  crucible.  Water  then  dissolves  out 
'  seleniate,  nitrate  and  nitrite  of  soda,  no  selenium  remaining  in 
the  residue.  The  solution  quickly  boiled,  deposits  anhydrous 
seleniate  of  soda,  and  this  being  separated,  by  cooling,  crystals 
of  nitrate  of  soda  are  formed  ;  these  /being  removed,  ebullition 
again  causes  more  seleniate  to  fall  dovyn,  and  proceeding  in  this 
way  an  imperfect  separation  is  effected.  The  seleniate  like  the 
sulphate  of  soda,  is  most  soluble  in  water  at  181^.  To  purify 
the  salt  completely,  the  nitrite  should  be  changed  into  nitrate 
by  nitric  acid. 

The  selenic  acid  is  to  be  separated  from  the  solution  of  the 
seleniate  of  soda,  by  nitrate  of  lead  :  the  seleniate  of  lead  being 
insoluble  is  to  be  well  washed,  and  then  decomposed  by  a  cur- 
rent of  sulphuretted  hydrogen,  which  has  no  action  on  the 
selenic  acid  ;  the  solution  being  filtered,  is  to  be  boiled,  and  is 
then  diluted  selenic  acid. 

862.  Selenic  acid  is  a  colourless  liquid,  which  may  be  heated 
to  536^  without  sensible  change ;  above  tliat  it  changes,  and  is 
rapidly  resolved  into  oxygen  and  selenious  acid  at  554^.  At 
329""  iU  specific  gravity  is  2,524,  at  512'',  it  is  2,6,  at  509^  it  is 
2,625  ;  but  by  that  time  selenious  acid  has  been  formed  in  it. 

863.  A  portion  of  the  concentrated  acid  from  which  the 
selenious  acid  had  been  removed,  was  found  to  consist  of  84,21 
gelenic  acid,  and  15,75  water. 

864.  Selenic  acid  has  a  powerful  attraction  for  water,  and 
evolves  much  heat  when  mixed  with  it.  It  is  not  decomposed 
by  sulphuretted  hydrogen.  Boiled  with  muriatic  acid  it  pro- 
duces selenious  acid  and  chlorine,  and  the  mixture,  like  aqua- 
regia,  will  dissolve  gold  or  platinum. 

Selenic  acid  dissolves  zinc  and  iron,  evolving  hydrogen  ;  it 
dissolves  copper,  evolving  selenious  acid,  and  it  dissolves  gold, 
but  not  platiiium.     A  solution  containing  selenic  acid  is  easily 
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decomposed,  by  first  boiling  it  with  muriatic  acid,  and  then 
adding  sulphurous  acid. 

865.  Selenic  acid  is  but  little  inferior  to  sulphuric  acid  in  its 
affinity  for  bases  :  seleniate  of  baryta  is  not  completely  decom- 
posed by  sulphuric  acid.*  ^ 

866.  Selenium  and  Chlorine. — ^Selenium  absorbs  chlorine  union  nith 
gas,  becomes  hot,   and  forms  a  brown  liquid,  which,  by  an  ^*^"*^ 
additional  quantity  of  chlorine,  is  converted  into  a  white  solid 

mass.  It  has  not  yet  been  accurately  separated  into  its  com- 
ponent parts. 

867.  Selenium  and  Ifydrogen.^^Seleniumj  like  sulphur, 
forms  a  gaseous  compound  with  hydrogen,  which  has  distinct 

acid  properties,  and  is  termed  seleniuretted  hydrogen^  or  hydro-  sdeaiaratied 
selejM  acid.     This  gas  is  disengaged  when  muriatic  acid  is  ''^'^'^'c^- 
added  to  a  concentrated  solution  of  any  hydro- seleniate.     It 
may  also  be  procured  by  heating  the  seleniuret  of  iron  in  muri- 
atic acid. 

Berzelius  obtained  it  by  fusing  together  potassium  and  sele- 
nium, adding  Vater  to  the  fused  mass,  and  pouring  muriatic  acid 
on  the  concentrated  solution. 

868.  This  gas  is  colourless.     Its  odour  is  at  first  similar  to  that  Properties. 
of  sulphuretted  hydrogen  ;  but  it  afterwards  produces  violent 
effects  on  the  organs  of  respiration  and  a  painful  sensation  in 

the  nose,  which  is  followed  by  the  loss,  for  a  time,  of  the  sense 
of  smelling.  It  is  absorbed  by  water,  forming  a  colourless  solu- 
tion, which  reddens  litmus  paper  and  gives  a  brown  stain  to  the 
skin. 

It  is  soon  decomposed  by  exposure  to  the  atmosphere,  and 
selenium  subsides.  It  decomposes  the  salts  of  the  common 
metals,"its  hydrogen  combining  with  their  ojcygen  and  a  sele- 
niuret of  the  metal  is  formed. 

869.  According  to  Berzelius  it  is  composed  of  one  atom  of 
each  of  its  constituents. 

870.  Selenium  and  Sulphur. — Sulphdret  of  selenium  is  suiphoret. 
formed  when  sulphuretted   hydrogen  gas  is  conducted  into  a 
solution  of  selenious  acid.     The  suTphuret  may  also  be  obtained 

by  the  aid  of  heat,  but  in  this  way  it  is  difficult  to  obtain  a 
definite  compound. 

871.  This  sulphuret  is  of  a  deep  orange  colour,  fusible  at  a 
heat  a  little  above  212°  F.  and  at  a  higher  temperature  may  be 
sublimed  without  change.  In  the  open  air  it  takes  fire  when 
heated,  and  sulphurous,  selenious  and  selenic  acids  are  produced. 

872.  According  to  Berzelius  it  is  composed  of 

1  atom  SeleDiam  -|-  1}  salphur. 

873.  The  phosphuret  of  selenium  may  be  prepared  in  the  Fhofphuret 
same  manner  as  the  sulphuret  of  phosphorus  (679^  ;  but  the 
compound  formed  by  fusing  them  together  can  hardly  be  sup- 
posed to  be  of  a  definite  nature;     It  is  very  fusible,  sublimes 

— ^— i— — —    II  I  ill' 
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without  change  in  close  vessels  and  is  inflammable.  It  decom- 
poses water  gradually  when  digested  in  it,  giving  rise  to  sele- 
niuretted  hydrogen  and  one  of  the  acids  of  phosphorus** 


Section  IX.    Zirconium,  Glucinum  and  Yttrium. 

It  has  been  remarked  (369)  that  the  bases  of  Zirconia^  Glu- 
cina  and  Yttria,  although  agreeing  in  several  respects  with 
metallic  bodies,  are  deficient  in  others.  For  the  present  they 
may  be  described  in  connection  with  that  class  of  bodies  to 
which  on  further  investigation^  they  will,  probably,  be  found 
to  belong. 


Zirconium* 

Naioraor         fi74.  The  experiments  of  Sir  H.  Davy  proved  zirconia,  to 
omum,    ^^  ^^  oxidized  body,  and  afforded  a  prcbumption  that  its  base^ 

^'^'"^^^*  Zirconium^  is 'of  a  metallic  nature.  When  potassium  was 
brousht  into  contact  with  zirconia  ignited  to  whiteness,  potassa 
was  formed,  and  dark  particles  of  a  metallic  aspect  were  diffused 
through  the  alkali.  The  decomposition  of  this  earth,  however, 
had  not  been  effected  in  a  satisfactory  manner  until  the  year 
1824,  when  B^rzelius  succeeded  in  obtaining  zirconium  in  an 
insulated  state. 

^^m^  ^'^^^  Zirconium  is  procured  by  heating  a  mixture  of  potassium 

with  the  fluate  of  zirconia  and  potassa,  carefully  dried,  in  a  tube 
of  glass  or  iron,  by  means  of  a  spirit  lamp.  The  reduction 
takes  place  at  a  temperature  below  redness,  and  without  emis- 
sion of  light.  The  mass  is  then  washed  with  boiling  water, 
and  afterwards  digested  for  sonfe  time  in  dilute  muriatic  acid. 
A  small  portion  of  hydrate  of  zirconia  however  still  adheres 
to  the  zirconium. 

p^opertiw.  876.  Zji'conium  thus  obtained,  is  in  the  form  of  a  black 
powder,  which  may  be  boiled  in  water  without  being  oxidized, 
and  is  attacked  with  difficulty  by  the  sulphuric,  muriatic,  or 
nitro-murialic  acids  j  but  is  dissolved  readily,  and  with  disen- 
gagement of  hydrogen  by  fluoric  acid. 

»  877.  Heated  in  the  open  air  it  takes  fire  at  a  temperature 
far  below  luminousness,  burns  brightly  and  is  converted  into 
zirconia. 

878.  Zirconium  may  be  pressed  out  into  thin  shining  scales 
of  a  dark  grey  colours  and  of  a  lustre  which  may  be  called 
metallic,  but  its  particles  adhere  together  very  feebly,  and  it  is 
a  non-conductor  of  electricity. 
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879.  The  earth  zircon^  or  the  oxide  of  zirtonium^  is  foand  zireoDhm 
in  the  zircon  or  jargon  of  Ceylon  5  in  the  kyacinth  and  in  the  "*«»y««»' 
eudialyte  from  Greenland. 

Zirconia  it  obtained  by  \hp  following  process :  Kedace  the  stone  to  a  6ne  h^^q  ^  ^y^ 
powder,  havinic  proYinuBiy  heated  it  to  redneM,  and  qaenched  it  in  water.     Mix  taining  liico- 
the  powder  with  nine  tioies  its  weijcht  of  pore  potassa,  and  gradaallj  project  it  b'^* 
into  a  red-hot  silver  crucible,  and  keep  it  in  perfect  fn^ion  for  two  hours. 
"When  the  crucible  has  cooled,  reduce  the  mass  to  a  fine  powder,  and  boil  it  in 
dHilled  water.     Boil  the  undissolved  residue  in  mnriatic  acid;  filter,  and 
CTaporate  to  dryness ;  re- dissolve  the  dry  nass  in  distilled  water,  and  precipi- 
tate by  carbonate  of  soda.    The  carbonate  of  zirconia  which  falls  may  be 
decoibposed  by  heat.* 

880.  Zirconia  is  in  the  form  of  a  fine  white  powder,  which,  propeniw. 
when  rubbed  between  the  fin^rs,  has  somewhat  of  the  harsh 

feel  of  silica.     It  is  entirely  destitute  of  taste  or  smell.     Its  spe- 
cific gravity  exceeds  4.     It  is  insoluble  in  water,  yet  appears  to 
have  some  affinity  for  that  fluid,  retaining  when  slowly  dried^ 
after  precipitation,  one  third  its  weight,  and  appearing  like^ 
gum  arabic. 

It  is  insoluble  in  pure  liquid  alkalies  ;  nor  does  it  combine 
with  them  by  fusion,  but  it  is  soluble  in  alkaline  carbonates. 

881.  Exposed   to  a  strong  heat,  zirconia  fuses,  assumes  a  s^^^f 
light  grey  colour ;  and  such  hardness,  on  cooling,  as  to  strike  beat, 
fire  with  steel  and  to  scratch  even  rock  crystal. 

883.  It  dissolves  readily  in  acids.     Its  solution  in  muriatic  —of  acids.! 
acid,  when  sufficiently  heated,  becomes  milk  white,  and  runs  in 
some  measure  into  a  jelly,  especially  if  concentrated  to  a  certain 
point  by  evaporation. 

883.  From   the   muriatic  solution  of  zirconia,  oxalic  acid  p^jpi,^,^. 
throws  down  a  white  precipitate,  which  is  re-dissolved  by  an 
excess  of  the  acid. 

It  is  precipitated  from  its  acid  solutions,  by  the  neutral  succi- 
nates and  benzoates,  in  copious  white  bulky  flocks,  which  are 
again  readily  dissolved  by  an  excess  of  succinic  acid.  It  is 
also  thrown  down  from  its  solutions  by  tartaric  acid,  malic  acid, 
and  tartrate  of  potassa. 

From  a  sufficiently  neutral  solution  of  zirconia,  ferrocyanate 
of  potassa  throws  down  a  greenish  blue  precipitate,  which,  on 

*  The  tbHowinf  oMdiod  of  obtaininf  pars  lireoiiia  is  reeenniMiided  bj  M.  M.  Duboia  and  8ihr«ra- 1 
Powder  tho  Mreooa  «wy  fin«,  mix  thom  with  two  parts  of  purs  pouasa,  and  heat  thsaa  rsd-hoC  in  a 
aUrer  eraeiUe  for  an  boor.  Treat  the  mbstanos  <^uii«d  with  distilled  watsr,  pour  it  on  a  filter,  «nd 
wash  the  insoiabls  part  wall ;  it  will  bs  a  eomponnd  of  sireoaia*  silica,  potassa,  and  oxida  of  iron. 
Diaaolvs  it  in  mnriatie  aeid,  and  e^porata  to  dryness,  to  ssparate  the  siKca.  Ra-dissolTs  the  muriatea 
of  xiroonia  and  iron  in  water ;  and  tp  leparate  the  idreonia  which  adheres  to  the  silica,  wash  It  with 
weak  aniriatic  add,  and  add  it  to  the  solution.  Filter  the  fluid  and  precipitate  the  sireonia  and  iron 
bf  pare  anuaonia ;  wash  the  praelpitates  wAD,  and  than  treat  the  hydrataa  with  oaattc  acid,  boilinf 
thank  well  tofether,  that  Iho  acid  may  act  on  the  iron,  retainiiif  it  in  solntioo  whilst  sn  insoluble 
•xalata  of  liroonia  is  formed.  It  is  than  to  be  filtered,  and  the  oxalate  washed,  until  no  iron  can  bo 
dolected  in  the  water  that  pasiss  The  earthy  oxalate  la,  when  dry,  of  an  opaline  colour ;  after  being 
won  washed,  it  is  to  ha  decompoead  by  heat  in  a  platinam  emcibia.  Thus  obtained,  the  xirronia  is 
peiftetly  pnrs,  bnt  is  not  aSbctad  by  acida.  It  mnat  bo  re-«ctsd  on  by  potassa  as  before,  and  then 
washed  ontil  the  alkali  is  rsmoTad.  Afterwards  dissolve  it  in  muriatic  aeid,  and  precipitate  by 
amnMoin.    Tho  hydrate  thrawn  down,  when  wall  wadMd,  is  perfectly  pure,  and  easily  soluble  in  arid*. 

t  ^an.  ds  dm.  <t  P*ys*  nri.  49. 
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adding  muriatic  acid,  becomes  more  blue^  but  after  some  time 
changes  to  a  celadon  green. 

Hydrosulphuret  of  ammonia  produces,  in  the  muriatic  solu- 
tion of  zirconia  a  dark  olive  or  blackish  green  precipitate  in 
very  loose  flocks.  This  precipitate  may  be  washed  in  water 
without  changing  colour ;  but  when  exposed  to  sunshine,  it 
becomes  white. 
Composition.:  8S4.  From  the  resuUs  of  an  elaborate  inyestigation  Berzelius 
deduces  the  composition  of  zirconia  to  be 

Zirconium 73.686    or    100, 

Oxygeo «6,314    *«       36,697. 


GltAcinum. 

.  885.  We  have  no  knowledge  of  the  base  of  glucina.  When 
obtained,  its  proper  denomination  will  be  giucinum.  The 
general  fact  of  its  existence  is  proved  by  igniting  glucina  with 
potassium,  which  is  thus  changed  into  potassa. 

886.  The  earth  glucina  was  discovered  by  Vauquelin  in  the 
beryl,  euclase  and  the  emerald.     It  is  white  and  insipid  ;  its 

opertiei.  gpgpj|^g  gravity  =  2,97.  It  dissolves  in  caustic  potassa  and  soda, 
and  thus  resembles  alumina,  but  differs  from  yttria.  Again 
it  differs  from  alumina,  but  resembles  yttria  in  being  soluble  in 
carbonate  of  ammonia ;  it  is  much  more  soluble  in  this  solution 
than  yttria.  With  the  acids  it  forms  saline  compounds  of  a 
sweetish  astringent  taste.     Hence  its  name  from  yAwM«,  siveet. 

887.  To  obtain  glucina  from  either  of  the  above  minerals 
proceed  as  follows : 

Reduce  it  to  a  fine  powder,  and  fuse  it  with  fhrice  its  weight  of  potatn ; 
disffolve  in  dilute  muriatic  acid  ;  evaporate  to  drynew ;  re-di»fol?e  in  water. 
Method  ofob-  ^^^^  precipitate  by  carbonate  of  potassa.  Uissolre  this  precipitate  in  rulphuhc 
uuDing  f  uci-  ^^-^  ^^^j  ^j^l  ^  Jittle  fiulpbate  of  potasna,  and  on  eTaporation,  crystals  of  alum 
will  be  obtained.  These  being  separated,  add  excess  of  carbonate  of  ammonia 
to  the  residuary  liquor,  which  will  retain  glucina  in  solution,  but  the  alumioa 
will  l>e  precipitated ;  filter,  and  evaporate  to  dryness,  and  appl^  a  red  heat  ; 
glucina  remains. 

Glucina  is  inferred  from  analogy  to  be  a  compound  of  1  atom 
glucinum  +  1  atom  of  oxygen. 


Yttrium, 

888.  In  1794  Professor  Gadolin  discovered  a  new  earth  in  a 

Di^^  mineral  from  Ytterby  in  Sweden,  to  which  Eckeberg  in  1797, 

gave  the  name  of  Yttria.    The  mineral  has  since  been  termed 

OadoKnite.    Oxide  of  yttrium,  or  yttria,  may  be  obtained  by 

the  following  process : 

vtoob-        Pulverise  the  mineral  and  boil  in  reputed  portions  tff  nitro-mvriatic  acid; 
Yttria.     evaporate  nearly  to  dryoeM,  dilute  with  water,  and  filter ;  evaporate  to  dryness. 
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ignite  the  residue  for  some  boun  in  a  clone  veifel«  re-diasoire,  and  fiUer.  To 
this  solution  add  aiumnnia,  which  thrown  down  yttria  and  oxide  of  cerium ; 
heat  the  precipitate  red-hot,  di»«o]Te  it  in  nitric  acid,  and  evaporate  to  drynens ; 
dilute  with  ISO  part»  of  water,  and  put  crjstaln  of  sulphate  of  potEMa  into  the 
liquid.  The  cryf^talt  gradually  disfoiye,  and«  after  rome  hours,  a  white  precipi- 
tate appears  of  oxide  of  cerium,  the  whole  of  which  mu»t  be  separated  .by  a 
repetition  of  the  process  The  liquor  is  then  to  be  filtered,  and  the  addition  of 
pure  ammonia  fnrm«  a  precipitate  of  yttria,  which  is  to  be  washed  aud  heated 
red-hol.* 

889.  Yttria  is  insiprd,-  white,  and  without  action  on  vege* 
table  colours.  It  is  insoluble  in  water,  but  very  retentive  of  it: 
insoluble  in  pore  alkalies,  but  readily  soluble  in  carbonated 
alkalies.  It  forms  salts  which  have  a  sweetish  austere  taste^ 
and  which  have  been  little  examined. 

890.  It  is  precipitated  from  its  solutions  by  the  oxalic  acid, 
and  by  oxalate  of  ammonia,  in  a  state  resembling  fresh  precipi- 
tated muriate  of  silver.  Prussiate  of  potassa  throws  it  down  in 
small  white  grains  passing  in  a  short  time  to  pearl  grey  ;  phosr 
phate  of  soda  in  a  white  gelatinous  form  ;  and  infusion  of  galls 
in  brown  flocculi^ 

Yttria  which  has  been  a  long  time  exposed  to  the  action  of 
fire^  gives  out  chlorine  gas,  when  dissolved  in  common  muriatic 
acid ;  thus  manifesting  one  property  of  a  metallic  oxide.t  H. 
2.  626. 

The  atomic  weight  of  yttria,  as  deduced  by  Dr  Thomson  from 
the  analysis  of  Berzelius  is  424 
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CHARTER  IV. 
Section  I.  . 

OV   THE   MSTALSy  VCD  THEIR   COHBIKATIONS. 

891.  The  metals  constitute  a  numerous  and  important  class 
of  simple  substances  ;  many  of  them  were  diligently  examined 
by  the  older  chemists,  who  have  left  us  valuable  information 
concerning  them;  many  are  of  more  recent  discovery  ^  and  the 
existence  of  several  others  has  been  demonstrated  within  the 
last  twenty  years. 

The  following  appear  to  have  a  sufficient  claim  to  be  consider- 
ed as  distinct  metals. 


1  Gold 

5  Silver 

3  Copper 

4  Iron 

6  Mercory 

6  Tin 

7  Lead 


Lift   of 


Known  since  the  remotest  antiquity. 


■7* 


*  B«ixabiis  ID  ThootaoD^t  C3l«an«(ry,  toL  i.  p.  357. '  t  Nicholton^f  jMtnuii,  xviii.  77. 

t  Tbe  tobstaoce  eaJM  Oprma,  ■oppoted  by  B«ra»Uiig  te  be  a  diitiBCt  eartb,  has  itceaUy  beta 
^scogaiwd  by  that  ch«miitM  the  phoiplia»  tf  yttyitt 
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Meials. 


CHAF.  TVi 


Nativ« 


Combined 
-with  Electro- 


\ 


8  ZiM 

9  BiflfDiith 
10^  Aotimonj 

1 1  Artenic 

12  Cobalt 

13  Platinum 

14  Nickel 

15  Manganeae 

16  Tangsteo 

17  Tellurium 

18  Molybdenum 

19  Uranium 
fO  Titanium 

21  Chromium 

22  Colufiibium 

23  Palladium 

24  Rhodium 

25  Iridium 

26  Osmium 

27  Cerium 

28  Potassium 

29  Sodium 
90  Lithium 

31  Barium 

32  Calcium 

33  Strontium 

34  Magneeium 

35  Alumium 

36  Cadmium 


BiacoTvred  by 
Known  to  Paracelsus,  who  died  .     .     . 

Described  by  Agricola 

«(         u  Basil  Valentine  15th  cent 


Brandt 


\ 


Wood)  assay  master,  Jamaica       .    . 
Cronstedt     ...     .    .    .    .    •     •    . 

Gahn^nd  Scbeele 

M.  M.  Delbuyar t 

Muller 

Do.    and  Hielm      ..••.. 

Klaproth 

Gregor     ..■...••... 

Vauquelin 

Hatchett 


Wollaston        •    .    .    i 

Descostils  and  Tennant 
Tennant      .     .     .     .    . 
Hisinger  aQd  Berzelius  . 

Sir  H.  Davy  .  i. 

Arfwedson   •    .'    •    • 


Date. 
154lC») 

1520(^> 
(3) 

1733(^ 

1741(5) 

1751(«) 

1774^^ 

178IW 

1782 

1782 

1789 

1781 

1797^^ 

1802(>o> 

1803(") 

1803 

1803(") 

1804(»2) 

1807 

1818 


Sir  H.  Davy 


Strpmyer 


1818* 


892.  Of  these  metals  the  first  seven  were  known  in  very 
remote  ages.  The  ancients  designated  them  by  the  names  of 
the  planets,  to  which  they  were  supposed  to  have  some  myste- 
rious relation  ;  and  each  was  denoted  by  a  particular  symbol^ 
representing  both  the  metal  and  the  planet. 

Gold  was  the  Sun,  and  waa  thus  represented       Q^ 


Ancient  syil^ 


Silver 
Mercury 
Copper  . 
Iron 
Tin       . 
Lead 


Moon 
Mercury 
Venus   . 
Mars 
Jupiter 
Saturn  . 


9 


893.  The  metals  seldom  occur  in  the  earth  in  a  pure,  or  as  it 
is  termed  by  mineralogists,  in  9i  native  state ;  but  almost  always 
united  with  other  substances,  as  in  the  four  following  classes  :-^ 

i.  Native  Metals  are  those  which  occur  pure  or  alloyed,  and 
have  but  a  feeble  attraction  for  oxygen  ;  such  as  platinum,  gold, 
silver,  mercury  and  copper. 

Metals  combined  with  electro-negative  substances  (263.) 


n. 


nLgativrsub^  The  compounds   belonging  to   this   class   are  chiefly  native 

■Uacei. 


(1)  Pliny,  Lib.  xxxit.  ohap.  3  and  10.  (3)  Mentioned  in  the  Bermmimua  of  Agricola  written  aboat 
1530.  (3)  Cvmu  triumpkaUs  ^ntimonii.  (4)  Jteta  Upa*l.  1733  and  43.  (5)  PbU.  Trant.  toI. 
xliv.  (6)  Stoekkolm  Trant.  (7j  Bergman^s  OpnaeuUL,  vol-  ii.  (8)  Memoirea  de  TlnUotue*  '(0) 
J9nHale9  de  Ckimie,  toI.  xxv.    (10)  Phil  Trans,    (U)  PhiU  Ttmmm,    (18)  Gehten'a  Jvwr.  ii. 

*  The  diacovery  of  tfaree  neV  motala  in  the  Uralian  platinum  baa  be«n  lataly  aaaoiuioed  by  Prof. 
Ottnn  of  DorpoL    Phil*  Mag,  and  Jin%»  of  Pkilee.  No.  3,  p.  3M. 
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tro-positiT* 
■ubttaueot— 

Snlphureta* 


metallic  oxides  ;  there  are  also  a  few  native  chlorides^  and  an  OzidM,  *e^ 
iodide  of  silver  has  been  lately  discovered.*     The  fluorides^  of 
which  there  are  a  few^  may  also  be  regarded  as  belonging  to  this 
class. 

iii.  Metals  combined  with  Electro-positive^  or  simple  aci- 
difiable,  substances  (369.)  This  class  includes  the  native 
metallic  sulphurets,  a  very  numerous  and  important  series  of 
•ores,  one  native  carburet  only  is  known,  that  of  iron.  There 
are  no  native  hydrurets,  phosphurets,  nor  borurets. 

iv,  Metals  in  combination  with  acids — Metallic  salts.  Of  "-''»*^*«^ 
these  the  most  common  are  the  native  carbonates^  sulphates, 
and  phosphates:  there  are  a  few  native  borates;  and  a  few 
species  belonging  also  to  this  class  in  which  the  oxide  is  united 
to  a  metallic  acid :  liuch  as  the  native  arseniates,  chromates, 
tungstateSy  and  molybdates. 

894.  The  metals,  as  a  class,  are  characterized  by  a  peculiar 
lustre  and  perfect  opacity  :  they  are  excellent  conductors*  of 
heat,  and  of  electricity. 

895.  They  are  also  excellent  reflectors,  not  only  of  light  but 
of  caloric,  and  hence  they  are  the  best  materials  for  the  composi- 
tion of  burning  mirrors.  From  the  experiments  of  Mr  Leslie^ 
they  appear  to  possess  this  property  in  the  following  order,  the 
highest  number  denoting  the  greatest  reflecting  po^ver. 


General  ehlf 
aet«rifti<a« 


BraM  . 

.     .     100 

Silver      ...... 

Tinfoil 

PluDiahed  blook  tio   .    . 

.    .      90 
.     .       85 
.     .       80 

Steel 

Lead , 

Tinfoil  softened  bj  o&ercurj 


70 
60 
50 


In  general  the  reflecting  power  was  found  by  Mr  Leslie,  to 
be  proportionate  to  the  degree  of  polish  and  to  be  impaired  by 
every  thing  that  diminished  this  quality.  A  tin  reflector  for. 
example,  had  its  reflecting  power  diminished  nini^  tenths  by 
being  rubbed  with  sand  pa'per.t 

896.  There  is  the  greatest  difference  in  the  specific  gravity 
of  the  different  metals,  the  heaviest  and  lightest  solids  being 
included  in  the  list. 

The  principal  metals,  arranged  according  to  their  specific 
gravities  stand  as  follow  : 


Platinum 21,00$ 

Gold 19,30 

Iridium 18,68 

Tungsten 17,30 

Mercury    .......  13,60 

Palladium 11,50 

Lead 11,35 

Rhodium 10,65 

Silrer 10,50 

Biffniuth 9,80 

Uranium 9,00 

Copper 8,90 

Cadmium 8,604 

Artenio      ••».*•  8,35 


Nickel    .......  8,25 

Cobalt 8,00 

Iron 7,78 

Molybdenum 7,40 

Tin 7,30 

Zinc 7,00 

Manganese      •    •    •    .    •  6,85 

Antimony    ••.•••  6,70 

Tellurium •  <{«10 

Titanium 6,3 

Cerium 4,489 

Sodium  .......  0,973 

Potauium 0,865 


Order  of  ip^ 
•iOcgnvittM* 


•  Jfnm-  d$  Ckim,  xxlx.  99. 

^  8p.  6.  itf  igUed  mmw,  17,338,  Haidingw. 
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897.  The  specific  gravity  of  solids  and  liquids  is  always  ex- 
pressed in  numbers  referring  to  water  as  =:  1.* 

898.  Among  the  metals,  some  are  malleable^  others  brittle. 
MaJtoabUitj.       Malleability,  or  the  capacity  of  being  extended  by  the  ham- 
mer belongs  to  the  following  metals,  in  the  order  following  : 

List  and  or*  Gold  Lead 

<ler  of  mftJto-  Silver  Zinc 

•bltmetalp.  Copper  Iron 

Tin  Mickel 

Cadmium  Palladiam 
Platinum 

Potassium,  sodium,  and  frozen  mercury,  are  also  malleable. 
Malleability  is  one  of  the  most  useful  properties  of  the  metals. 
In  this  quality,  gold  takes  place  of  all  the  rest,  one  grain  may 
be  made  to  cover  a  surface  of  about  52  square  inches  ;  and  the 
thickness  of  each  leaf  of  the  gold  sold  in  books  does  not  ex- 
ceed aTsrVi^^^  P^t't  of  an  inch. 

899.  Nearly  all  malleable  mefals  are  also  ductile;  that  is, 
they  admit  of  being  drawn  out  into  wires.  They  are  arranged 
according  to  ductility  as  follows :    . 

Ofduotila  Gold  Zinc 

«"»*^"  Silver  '  rm 

Flatidum  Lead 

Iron  Nickel 

Copper  Pallaiiium 

900.  Different  metallic  wires  are  possessed  of  different  de- 
grees of  ttnaeitj/y  by  which  is  meant  the  power  of  supporting 
a  weight  without  breaking.     According  to  the  experiments  of 

■  ■■  II  ■■»!      11  I    >    ■        I  I  ■    ■  ■  .1  .  11  > 

Method  of  d«-      *  "^^  ascertain  the  ipecific  gravity  o^  solids  we  employ  e  delicate  balance,  so  contrived  as  to  admit 

lermininf         of  substoflces  bein^  attached  to  one  of  the  scales  by  means  of  a  horse^hoir  or  a  fine  tiireftd  of  silk. 

■pecific  (rav*  f^i^^  absolote  weight  of  the  body  thui  suspended  is  then  very  carefully  ascertained :  itia  next  ijnmonsed 

in  distilled  water,  of  the  temperature  of  6ii^ ;  and  the  beam  being  again  brought  to  an  equilibrium,  we 

Of  tcrfidi.         learn  the  weight  lost  by  its  immersion  ;  or,  in  other  words,  we  ascertain  the  weight  of  its  bulk  of  pore 

water.    Wo  now  divide  the  sum  of  its  abeolute  weiglit  by  that  of  the  weight  which  it  lust  in  water, 

and  the  quotient  ia  its  tpeeiJle  vciffht^  or  gravity,  con\parcd  witii  water  of  the  temperature  of  00^. 

Suppose  asulistance,  weighing  360  grainsi  to  loee  GO  by  inmo(«ion  in  water,  the  specific  gravity  of 
that  substance  will  be = 6 ;  for  360  H-  00  <±  6. 
Of  !iaui<b«  ^^^  ascertainmg  the  specific  gravity  of  liquids,  we  generally  employ  a  thin  phiarl,  fig.  SO,  holding  1000 

PI.  1*  grains  of  distilled  water,  at  the  teraperatorp  of  60^.    If  filled  with  any  other  liquid,  and  weighed,  we 

learn  its  specific  gravity ;  thus  we  should  find  that  it  would  contain  13500  grains  of  mercury ;  185j9 
grains  of  sulphuric  acid ;  1490  grains  of  nitric  acid,  &.c>,  which  numbers  of  course  represent  the 
•peeiflc  gravities  of  thoee  liquids.  / 

A  bottle,  however,  holding  lOOO  grains  ia  often  inconveniently  large,  and  a  small  and  thin  glubolar 
|diia]*  with  a  piece  of  thermometer  tubo  grmipd  Into  it  by  way  of  stopper  will  be  found  more  useful : 
■uch  a  phial  should  not  weigh  more  than  from  50  to  60  grains,  and  may%ontain  between  4  and  100 
grains  of  water.  To  ase  it,  it  should  be  accurately  counterbalanced  in  a  delicate  pair  of  scales,  and 
then  fined  with  distilled  water,  and  the  stopper  thrust  in,  the  capillary  opening  in  which  allows  a  little 
to  ooxo  out,  and  prevente  the  likelihood  of  bursting  the  phial ;  it  is  then  to  hp  wiped  clean  and  dry, 
and  again  careAllly  weighed,  by  which  the  quantity  of  water  it  contains  is  ascertained ;  the  water  being 
powred  out,  it  is  next  filled  with  the  liquid  whose  specific  gravity  is  required,  taking  care  that  it  is  of 
the  same  temperatnie  as  the  water ;  we  then  weigh  as, before,  and  divide  the  weight  by  the  formcf 
weight  of  wateri  the  product  givee  the  specific  gravity  required.  Thus,  suppose  the  phial  to  contain 
4S5  grains  of  water  at  the  temperature  of  45*,  it  will  be  fbund  to  hold  5737.5  grains  of  pure  nerrury 
of  the  same  temperature ;  and  5737,5  *4~  4St&  ^  13,5  the  specific  gravity  of  mercury.  Or,  supposing 
the  liquid  lighter  than  water,  such  a«  alcohol,  of  which  we  may  assume  the  phial  to  contain  350,5 ; 
then  a00,5  -4-  435  as  0,884  the  specific  gravity  of  the  alcohol  under  trial.  Fer  numerous  Uad  inpoitut 
tleUils  on  this  rabjeet,  see  r«nulay*s  Chemical  ManirnUUvn,  eect  U,  70, 4tc. 


A  wire  of  Iron  supports    .     .    .  649,250 

Copper 30-2,270 

Platinum      ....  274,320 

Silver 187,137 
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Oiiyton  M orveau,  the  following  are  the  weights  capable  of  being 
sustained  by  wires  ^VA^JiS  of  a  line  in  diameter.* 

]ht.    deeiiml  lb*,    decimal 

arotrd.  psrta.  AToird.    piirt*. 

Gold •    .     150,753       Motnh  po*. 

^  "*' „  »««A        ciiv,  with  th« 

Tin •    .       34,630      ptiW  of 

Uad S7/v2lt     each,- 

901.  Some  of  the  malleable  and  ductile  metals  have,  also,  a  RDddaatici- 
high  degree  of  elasticity.     This  property  fits  them  for  being  ^ 
applied  to  the  mechanical  purpose  of  springs.     Steel  and  iron 

are  in  this  respect,  superior  to  all  other  metals.  Upon  the 
properties  of  elasticity  and  hardness,  appears  also  to  depend  that 
of  fitness  for  exciting  sounds  for  whatever  renders  metals 
harder  and  more  elastic,  increases  also  their  sonorousness. 
Thus  bell  metal  is  more  remarkable  for  those  properties  than 
either  tin  or  copper,  which  are  its  constituents.     H.  1.  -1^2, 

902.  None  of  the  pure  metals  are  very  hardy  and  sonic  so 
soft  as  to  yield  to  the  nail.  In  the  following  table  some  of  the 
metals  are  arranged  in  the  order  of  their  hardness. 

Tungsten  Bismuth  ^rderofthev 

PalldHium  Gold  hardaoM. 

Manganese  Zinc 

Iron  Antimony 

Nickel  Cobalt 

Platinum  Tin 

Copper  •  Arsenic 

Siker  Lead 

Potassium  and  sodium  yield  to  the  pressure  of  the  fingers. 

903.  The  structure  or  texture  of  several  of  the  metals  ap-  Textnra. 
pears  to  be  crystalline.     That  of  iron  developed  by  the  action 

of  solvents,  has  been  shown  by  Mr  Daniel  to  be- fibrous.  Bis- 
muth, and  antimony  have  a  lamellated  texture ;  nickel  presents 
a  fracture  between  fibrous  apd  foliated  ;  and  steel  is  granular. 
Several  of  the  metals,  when  melted  and  cooled  under  favourable 
circumstances,  form  regular  crystals.  Thus  bismuth,  melted  iii 
a  crucible,  and  sufiered  to  cool,  becomes  covered  with  a  crust, 
and  when  this  is  pierced,  and  the  fluid  beneath  allowed  to  flow 
out,  the  cavity  is  found  studded  with  beautifully  regular  cubic 
crystals.  Arsenic  crystallizes  in  regular  tetraedrons,  and  tita- 
nium in  long  slender  filaments  or  prisms.     H.  1    4^0. 

Siich  are  the  essential  physical  characters  of  the  metals;  they 
also  resemble  each  other  in  many  of  their  chemical  properties,     . 
as  the  following  general  observations  show: 

904.  •Action  of  Heat, — The  metals  are  all  susceptible  of  Action  of  , 
fusion  by  heat,  but  the  temperatures  at  which  they  liquefy  are  ''**^ 
extremely  various.     Mercury  is  fluid  at  all  common  tempera- 
tures, and  requires  to  he  cooled  to  —  39^  before  it  congeals. 
Potassium  melts  at  150^,  and  sodium  at  200^  :  arsenic  at  360^;  Point  or 
tin  at  450^;  lead  at  600°  ;  zinc  at  700®  ;  and  antimony  at  800®.  *"""•"• 
Silver,  gold,  and  copper  require  a  bright  cherry-red  heat;  iron, 

•  AnaaUt  dc  ChimU,  Lut.  f  Snn.  i9  Ckim.  Izzi.  ISS. 
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l^fctftls  absorb 
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ColciDUlioa. 


Their  ottrnc- 
tion  for  uvy- 
]peu  diilerent. 


nickel,  and  cobalt,  a  white  heat ;  manganese  and  palladium, 
an  intense  white  heat ;  molybdenum,  uranium,  tungsten,  and 
chrome,  are  only  very  imperfectly  agglutinated  at  the  highest 
temperatures  of  our  furnaces;  and  titanium,  cerium,  osmium, 
iridium,  rhodium,  platinum,  and  columbium,  require  the  intense 
heat  produced  by  an  inflamed  current  of  oxygen  and  hydrogen, 
or  that  of  Voltaic  electricity. 

905.  At  higher  temperatures  than  that  required  for  their 
fusion  many  op  the  metals  are  volatile,  and  may  be  distilled  in 
close  v-essels.  Mercury,  arsenic,  potassium,  tellurium,  and 
zinc,  are  volatile  at  a  dull  red  heat.  Gold  and  silver  are  con- 
verted into  vapour  wh^n  exposed  to  the  intense  heat  of  the 
focus  of  a  burning  lens  ;  and  several  of  the  other  metals  boil 
and  evaporate  under  similar  circumstances.'  It  is  probable  that 
this  would  happen  to  all  of  them,  if  raised  to  sufficiently  high 
temperatures. 

906.  Jiction  of  Oxygen. — When  the  metals  are  exposed  at 
ordinary  temperatures  to  the  action  of  oxygen,  or  of  common 
air,  which  produces  analogous,  though^*  less  powerful  effects, 
they  ai/  very  differently  affected.  If  the  gas  be  perfectly  dry, 
very  few  of  them  suffer  any  change  unless  heated  in  it ;  they 
then  lose  their  metallic  characters,  and  form  a  very  important 
series  of  compounds,  the' metallic  oxides. 

907.  A  few  of  the  metals  resist  ^he  action  of  heat  apd  air  so 
completely,  that  they  may  be  kept* in  fusion  in  an  open  crucible 
for  many  hours  without  undergoing  change.  This  is  the  case 
with  gold  and  silver,  and  a  few  others;  hence  they  were  called 
perfect  or  noble  luetals:  they  may,  however,  be  oxidized  by 
the  Voltaic  flame ;  or  by  passing  a  strong  electric  discharge 
through  them,  when  drawn  into  very  fine  wire. 

908.  Other  metals  readily  absorb  oxygen  when  exposed  (o  a 
temperature  approaching  a  red  heat ;  as  iron,  mercury,  nickel, 
^•c;  others  absorb  it  when  in  fusion,  as  lead,  tin,  antimony,  ^*c.; 
others  at  lower,  or  even  at  common  temperatures,'  as  arsenic, 
manganese,  sodium,  potassium,  fyc, 

909.  The  product  either  of  the  slow  or  rapid  oxidation  of  a 
metal,  when  heated  in  the  air,  has  an  earthy  aspect,  and  was 
called  a  calx  by  the  older  chemists,  the  process  of  forming  it 
being  expressed  by  the  term  calcination.  Another  method  of 
oxidizing  metals  is  by  deflagration  ;  that  is  by  mixing  them 
with  the  nitrate  or  chlorate  of  potassa,  and  projecting  the  mix- 
ture into  a  red-hot  crucible.  Most  metals  may  be  oxidized  by 
digestion  in  nitric  acid  ;  and  nitro-muriatic  acid  is  an  oxidizing 
agent  of  still  greater  power. 

910.  That  the  metals  have  very  different  attractive  powers  in 
regard  to  oxygen  is  shown  by  the  circumstance  of  one  metal 
being  frequently  oxidized  at  the  expense  of  another ;  thus  the 
oxide  of  mercury,  heated  with  metallic  iron,  produces  metallic 
mercury  and  oxide  of  iron  ;  potassium,  heated  with  oxide  of  man- 
ganese, becomese  oxidized,  and  metallic  manganese  is  obtained. 
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911.  Some  of  the  oxides  are  decomposed  by  mere  exposure  oxidn  do- 
to  heat,  as  those  of  gold,  mercury,  ^c;  others  require  the  joint  hiS[*^'**'^ 
action  of  heat,  and  some  body  having  a  high  attraction  for  oxy- 
gen, such  as  charcoal.     Thus  when  oxide  of  lead  is  heated  with 
charcoal,  carbonic  acid  gas  is  evolved,  and  metallic  lead  obtained. 

912.  Each  metal  has  a  certain  definite  quantity  of  oxygen  Mrtaiscom- 
with  which  it  combines  ;  and  where  the  same  metal  unites  in  fii**,^ua^tu 
more  than  one  proportion  with  oxygen,  in  the  second,  third,  and  »^«of  oxy 
other  compounds,  it  is  a  multiple  of  that  in  the  first,  consistent  '^" 
with  the  law  of  definite  proportions  (74).     Thus  100  parts  of 
mercury  combine  with  4  of  oxygen  to  produce  the  protoxide^ 

and  with  8  to  produce  the  peroxide.  Copper  also  forms  two 
oxides ;  in  the  one  12,6  of  oxygen  are  united  to  100  of  metal, 
and  in  the  other  25. 

913.  Among  the  combinations  of  metals  with  oxygen,  sonie 
are  insoluble  in  water,  or  nearly  so,  and  have  neither  taste  nor 
smell ;  others  are  soluble  and  sour,,  constituting  the  metallic  Mottiiiic 
acids:  others  are  soluble  and  alkaline,  forming  ihe^xed  alkalies  ''^'*'** 
and  ctlkaline  earths.     They  are  of  all  colours,  and  frequently 

the  same  metal  united  to  different  proportions  of  oxygen  pro- 
duces compounds  differing  in  colour;  thus  we  have  the  black 
and  red  oxide  of  mercury,  the  white  and  the  black  oxide  of 
manganese,  fyc. 

914.  There  is  a  certain  state  of  oxidation,  peculiar  to  the  dif-  Action  of 
ferent  metal^,  in  which  they  are  most  reatdily  acted  upon  by  the  JnloVtut^f 
several  acids.     Iron  and  manganese,  for  example,  at  the  maxi-  ^^^*f^'^"  ^^ 
mum  of  oxidizement,  are  altogether  insoluble  in  nitric  dcid  ; 

but  readily  dissolve  in  it,  when  combined  with  a  smaller  pro-  : 
portion  of  oxygen.  Even  when  once  brought  into  combination 
with  that  acid,  the  oxide,  by  attracting  a  further  quantity  of 
oxygen  from  the  atmosphere,  or  from  any  other  source,  is  sepa- 
rated in  the  state  of  an  insoluble  precipitate,  which,  however, 
does  not  consist  of  pure  oxide,  but  of  the  oxide,  with  a  certain 
proportion  of  acid.  This  explains  the  change,  which  is  pro- 
duced in  solutions  of  iron,  by  keeping  them  exposed  to  air. 
The  oxides  of  iron  and  manganese,  saturated  with  oxygen,  are 
soluble,  however,  in  the  less  oxygenated  acids  ^  for  example,  in 
the  sulphurous  or  nitrous,  which  first  deprive  the  oxide  of  part 
of  its  oxygen,  and  then  dissolve  the  less  saturated  oxide.  H.  ;  ^^ 
1.  190. 

915.  Action  of  Chlorine, — There  are  a  few  of  the  metals  Artionof 
which  resist  the  action  of  chlorine  at  common  temperatures,  but  ^'^^^'^* 
when  heated  they  all  combine  with  it ;  some  slowly,  others 
rapidly  and  with  intense  ignition.     Copper  leaf,  powdered  anti- 
mony, arsenic,  ^c,  burn  when  thrown  into  the  gas :  mercury 

and  iron  inflame  when  gently  heated  in  it ;  silver,  gold,  and 
platinum  quietly  absorb  it.  The  compounds  thus  formed  are 
termed  metallic  chlorides, 

916.  The  metallic  chlorides  may  be  also  formed,  by  exposing  of  muMtio 
certain  metals  to  muriatic  acid  gas  at  high  temperatures.    In  ^^"^* 
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this  case,  the  muriatic  acid  is  decomposed  ;  its  hydrogen  is 
liberattid ;  and  its  chlorine  combines  with  the  metal.  Diluted 
muriatic  acid  acting  on  certain  metals  (iron  for  example)  occa- 
sions the  decomposition  of  water;  hydrogen  is  evolved,  and 
an  oxide  formed,  wl^ich  unites  with  the  muriatic  acid  and 
constitutes  a  true  muriate.  Or  if  the  oxide  of  a  metaKbe  acted 
upon  by  muriatic  acid,  we  have  also  a  muriate  formed,  which, 
in  some  cases,  crystallizes  as  such,  but  in  others  in  becom- 
ing a  solid  is  at  the  same  moment  changed  into  a  chloride. 
The  oxides  of  barium,  strontium,  calcium,  magnesium,  alumi* 
um,  copper,  and  manganese  all  form  with  muriatic  acid  crys- 
'  tallized  muriates,  containing  definite  proportions  of  water  ;  but 
the  oxides  of  potassium'  and  sodium,  when  dissolved  in  muriatic 
acid,  afford  muriates  only  so  long  as  they  continue  fluid,  and 
in  crystallizing  become  true  chlorides.  Mercury,  silver,  and 
lead,  form  chlorides  only,  and  not  muriates.  When  a  crystal- 
lized muriate  is  heated,  the  first  effect  is  to  expel  iis  water  of 
crystallization,  and  the  next  is  to  cause  the  oxygen  of  the  oxide 
to  unite  with  the  hydrogen  of  the  muriatic  acid,  forming  .water, 
which  escapes. 

917.  The  chlorides  may  be  formed  also  by  double  elective 
affinity  ;  thus  sulphate  of  mercury,  exposed  to  heat  with  chlo- 
ride of  sodium,  gives  chloride  of  mercury  and  sulphate  of  soda ; 
the  oxygen  and  sulphuric  acid  passing  from  the  mercury  to  the 
sodium,  and  the  chlorine  from  the  sodium  to  the  mercury.     H. 
I.  499. 
Propert^cB  of      918.  The  physical  and  chemical  properties  of  the  chlorides 
thi>  Chloride*  0J.Q  extremely  various.     They  are  nearly  of  all  colours.     Some 
are  unchanged  by  heat ;  others  undergo  decomposition.     Some 
are  soluble,  others  insoluble,  in  water.     Several  of  them  decom- 
pose water,  giving  rise  to  the  formation  of  muriatic  acid,  and 
an  oxide  (312) ;  or  in  some  cases  to  a  muriate.     The  same  metal 
often  forms  more  than  one  compound  with  chlorine,  and  these 
compounds  are  designated  as  the  oxides.     Thus  we  have  the 
protO'Chlfiride  and  perchloride  of  mercury,  SfC. 
Action  of  919.  *dction  of  Bromine. — The  action  of  bromine  on  the 

Bfomine.  metals  is  analogous  to  that  of  chlorine  (339).  M.  Balard  is 
of  opinion  that  the  soluble  metallic  bromurels  are  converted, 
like  the  similar  compounds  of  chlorine  and  iodine  into  neutral 
hydro-bromates  ;  and  reciprocally,  that  the  hydro-bromates  are 
frequently  converted  into  bromurets  in  passing  into  the  solid 
state« 

920.  All  the  bromurets  are  decomposed  by  chlorine  with 
evolution  of  bromine,  and  the  hydro-bromates  are  not  only 
attacked  by  chlorine,  but  by  all  substances,  such  as  the  chloric 
or  nitric  acids,  which  have  a  strong  tendency  to  deprive  other 
bodies  of  hydrogen.* 
Action  of  921.  Action  of  /ocf/ne.— -Iodine  aided  by  heat  acts  upon 
many  of  the  metals,  and  produces  metallic  iodides.     Some  of 

*  Ann*  4e  CAnn.  1830. 
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these  are  soluble  in  water  without  decQinposition  \  others  de- 
compose water  and  produce  hydriodates  ;  others  are  insoluble. 
The  insoluble  iodides  may  generally  be  formed  by  adding  a 
solution  of  iodine  or  of  hydriodic  acid  to  the  soluble  metallic 
salts. 

Iodine  often  combines  in  more  than  one  proportion  with 
metals,  forming  ^  prot iodide  and  diperiodide, 

922,  Action  of  Iodic  Jidd. — The  compounds  of  this  acid  Action  of  y^ 
with  the  metallic  oxides  have  been  but  little  examined :  they  are 
decomposed  by  heat,  sometimes  with  the  evolution  of  oxygen 
only  ;  at  others,,  iodine  is  also  given  off.  ^ 

988.  Action  of  Hydrogen. — Hydrogen  forms  permanent  Action  of  hy- 
compounds  with  two  of  the  metals  only,  namely,  arsenic  and  **~*"*' 
tellurium.  It  appears  to  combine  with  each  in  two  proportions, 
forming  two  solid  compounds,  the  hydrurets  or  kydroguteis  o( 
arsenic  and  tellurium  ;  and  two  gaseous  compounds,  arsenuret^ 
ted  and  telluretted  hydrogen.  At  high  temperatures  it  dis- 
solves potassium,  (ormlng  poiassiureiied  hydrogen  gas. 

There  are  many  of  the  metallic  oxides,  and  a  few  of  the  chlo- 
rides, which  are  decomposed  by  hydrogen  :  the  oxides  are 
reduced  with  the  formation  of  water,  add  the  chlorides  witb^the 
production  of  muriatic  acid. 

924.  Jlciton  of  Water. — Those  metals  which  are  speedily  Aetionofwi* 
acted  upon   by  common  air  and    xygen,  are  also  generally  sus- 
ceptible of  decomposing  water ;  some  of  them  rapidly,  others 
slowly.     There  are  some  metals  which  are  not  acted  upon  by 

air  deprived  of  moisture,  nor  by  water  deprived  of  air;  but 
moist  air,  or  water  containing  air,  effect  their  oxidizement :  this 
appears  to  be  the  case  with  iron.* 

925.  The  compounds  of  oxides  and  water,  in  which  the  water  ^^^^ 
exists  in  a  condensed  state,  are  termed  hydrates ^  or  hydro^  ^^ 
pxides,  or  hydroxures.     The  hydrates  of  potassa,  soda,  strontia, 

and  baryta,  retain  the  water  which  constitutes  them  such  at 
the  temperature  of  ignition,  and  it  can  only,  indeed,  be  expelled 
by  bodies  that  have  a  stronger  affinity  for  the  alkali  or  earth. 
The  hydrates  of  the  remaining  earths  are  decomposed  by  the 
heat  of  ignition. 

The  hydrated  oxides  of  the  common  metals  are  obtained  by 
adding  a  .solution  of  pure  potassa,  soda,  or  ammonia  to  the  solu- 
tion of  the  oxide  in  sulphuric,  muriatic,  or  nitric  acid.  The 
precipitate  washed  repeatedly  with  water,  is  to  be  collected  oa 
a  filter;  and  if  dried,  the  heat  employed  must  be  as  gentle  aa 
possible ;  for  a  slight  elevation  of  temperature  is  sufficient  to 
expel  the  whole  water  and  to  leave  only  an  oxide. 

The  hydrated  oxides  are,  for  the  most  part,  much  more  solu- 
ble in. acids  than  the  oxides.     H.  1.  497. 

926.  Jiction  of  Nitric  jlcid.-^AB  the  greater  number  of  AcUon_ofiii. 
metals  are  capable  of  decomposing  nitric  acid,  and  of  resolving 

it  into  some  of  the  other  nitric  compounds,  nitric  acid  is  a  Very 

^     *  ]>r  MtnbaQ  Hall,  q^prU  Jowr,  Tii.  tf» 
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generally  acting  solvent  of  these  bodies  (500).  It  dissolves  al! 
the  metallic  oxides  and  produces  a  numerous  class  of  niirates, 
which  if  prepared  with  heat  and  with  excess  of  acid,  generally 
contain  the  metal  at  its  maximum  of  oxidizement.  The  nitrates 
are  all  decomposed  by  a  red  heat ;  they  give  off  oxygeoi  either 
separate,  or  combined,^and  the  metallic  oxide  remains.  They 
are  also  decomposed  when  heated  with  sulphur,  phosphorus,  or 
charcoal ;  and  sulphurous,  phosphoric,  and  carbonic  acids  are 
formed  ;  the  phosphoric,  being  a  fixed  acid,  remains  united  to 
the  metallic  oxide ;  while  the  sulphurous  and  carbonic  acids  are 
usually  expelled.  The  nitrates  are  decomposed  by  sulphuric 
acid,  nitric  acid  is  evolved,  and  sulphates  are  formed. 
ProporisoB  927.  In  the  neutral  nitrates  the  proportion  of  oxygen  in^the 
DOttiSFni^'*  acid  is  to  that  in  the  base  as  5  to  1.  Thus  in  the  nitrate  of 
^'^^^  potassa  48  parts  of  potassa,  containing  8  of*  oxygen,  are  com- 
bined with  54  of  nitric  acid,  containing  40  of  oxygen  ;  and  in 
the  pernitrate  of  copper,  80  parts  of  peroxide  of  copper  con- 
taining 16  of  oxygen,  are  combined  with  108  of  nitric  add, 
containing;  84  of  oxygen. 
Aodonofam-  Qgg.  JtcHon  of  Ammonia.^^KX,  high  temperatures  some  of 
the  metals  are  capable  of  decomposing;  ammonia.  Liquid  am- 
monia dissolves  several  of  the  metallic  oxides,  and  with  some 
of  them  forms  crystallizable  compounds. 

The  ammoniureis  are  decomposed  by  a  strong  heat;  the 
oxygen  of  the  oxide  uniting  with  the  hydrogen  of  the  alkali, 
and  the  nitrogen  of  the  latter  being  set  freel     In  some  cases 
this  decomposition  is  attended  with  loud  explosion. 
Action  ofiui.      929.  Jiciion  q/*  iS'ti^Aur.— Sulphur  has^a  strong  tendency  to 
^  "''  unite  with  metals.     The  metallic  sulphurets  are  in  some  cases 

formed  by  heating  the  metal  with  sulphur ;  in  others,  by  de- 
composing the  sulphates ;  and  in  others,  by  the  action  of  sul- 
phuretted hydrogen.  The  sulphurets  are  in  general  brittle ; 
some  have  a  metallic  lustre ;  others  are  without  lustre.  Some 
are  soluble,  others  insoluble  in  water.  When  the  same  metal 
forms  two  sulphurets,  the  sulphur  in  those  containing  the  largest 
proportion  is  an  exact  simple  multiple  of  the  sulphur  in  those 
containing  the  smallest  proportion.  When  the  metallic  sulphu- 
rets are  heated,  some  undergo  no  change,  as  those  of  sodium  and 
potassium  ;  others  sublime  unaltered,  as  sulphuret  of  mercury  ; 
others  lose  a  portion  of  their  sulphur,  and  if  air  be  admitted,  sul- 
phurous acid  escapes  and  the  metal  passes  into  the  state  of  oxide, 
as  sulphuret  of  lead  ;  others  again  are  entirely  decomposed,  the 
metal  being  completely  reduced;  this  happens  on  heating  sul- 
phuret of  platinum  or  of  gold.  It  is  doubtful  whether  any 
definite  compounds  of  sulphur  with  the  metallic  oxides  exist. 
itypoMi.'  930.  £fyj90^u/jpAur(ni^aeu/ combines  with  the  metallic  oxides 

^'^         and  produces  a  tlass  of  salts  termed  hyposxilphites.    Several  of 
these  have  been  examined  by  Mr  HerscbeL*     In  some  of  their 

characters  they  resemble  the  sulphites :  they  are  easily  soluble ; 
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of  a  bitter  or  sweet  taste;  and  decomposed  by  a  heat  below  red* 
nessy  and  by  .almost  all  other  acids.  Their  solutions  readily 
dissolve  chloride  of  silver*  r  >; 

931.  Sulphurous  add  combines  with  many  of  the  metallic  b^^im. 
oxidesy  producing  sulphites  ;  in  some  instances  oxygen  is  trans- 
ferred  from  the  oxide  to  the  acid,  and  sulphates  result. 

Th^,Julphites  are  soluble  in  water,  and  have  a  sulphurous 
taste  and  smell.  Exposed  to  moist  air,  they  absorb  oxygen, 
and  pass  into  the  state  of  sulphates.  They  are  decomposed  by 
sulphuric  acid,  which  expels  sulphurous  acid,  and  the  salts  are 
converted  into  sulphates.  When  perfectly  pure  they  are  not 
affected  by  solution  of  baryta. 

932.  Sulphuric  aeid^  in  its  concentrated  state,  is  acted  upoa 
by  a  few  of  the  metals  only;  when  diluted,  some  of  them  are 
oxidized  at  the  expense  of  the  water,  hydrogen  is  evolved,  and 

the  metallic  oxide  combines  with  the  acid,  producing  a  sulphate.  Sniphafii. 
In  these  cases  the  hydrogen  evolved  is  the  indicator  of  the 
quantity  of  oxygen  transferred  to  the  metal ;  every  volume  of 
hydrogen  is  the  equivalent  of  half  a  volume  of  oxygen,  «nd 
accordingly  the  production  of  100  cubic  inches  of  hydrogen^ 
indicates  the  transfer  of  50  of  oxygen,  or  by  weight  of  about 
17  grains.  As  different  metals  unite  to  different  weights  of 
oxygen,  they  will  obviously  evolve  different  quantities  of  hy* 
drogen.  Thus,  if  one  metal,  to,  become  soluble  in  sulphuric 
acid,  require  to  be  united  with  15,  and  another  with  30  per 
cent,  of  oxygen,  the  latter  will  evolve  twice  the  volume  of 
hydrogen,  compared  with  the  former. 

As  the  evolution  of  hydrogen,  during  the  solution  of  a  metal 
in  dilute  sulphuric  acid,  is  referable  to  its  oxidizement^  no  hy- 
drogen will  be  evolved  by  the  action  of  the  acid  upon  an  oxide, 
but  it  will  be  merely  dissolved. 

The  sulphates  are  an  important  class  of  salts.  The  greater 
number  of  them  are  soluble  in  water,  and  the  solutions  are 
rendered  turbid  by  solutions  of  baryta; ,  They  are  all  decom- 
posed at  a  red  heat  by  charcoal,  and  most  of  them  are  thus  con- 
verted into  sulphurets  ;  carbonic  acid,  and  carbonic  oxide,  being 
at  the  same  time  evolved. 

In  the  neutral  sulphates  the  proportion  of  oxygen  in  the  acid 
is  to  that  in  the  base  as  3  to  1.  Thus  sulphate  of  soda  is  com- 
posed of  32  soda  containing  8  of  oxygen,  combined  with  40  of 
sulphuric  acid  containing  24  of  oxygen. 

933.  JietioH  of  Sulphuretted  Hydrogen^ — Sulphuretted  hy-  snipiMniM 
drogen  enters  into  combination  with  a  few  of  the  metals,  with  '^r''*'**^ 
mercury  and  silver  for  example,  but  it  unites  in  general  more 
readily  and  permanently  with  their  oxides,  and  forms  hydro* 
sulphuretted  oxides.    Many  of  these  compounds  are  insoluble, 

and  may  be  formed  by  adding  a  solution  of  sulphuretted  hydro- 
gen, or  of  hydrosulphuret  of  ammonia,  to  solutions  of  the  respec- 
tive metallic  salts.  Sometimes,  however,  a  decompositioin  is 
effected  in  these  cases^  both  of  the  sulphuretted  hydrogen  and 
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of  the  oxide,  and  a  metallic  sulphuret  is  formedi  the  hydrogen 
combining  with  the  oxygen  of  the  oxide  to  form  water,  and  the 
sulphur  unitinfi;  to  the  metal.  In  a  few  cases  th^  metallic  oxide 
is  reduced. — For  the  effect  of  sulphuretted  hydrogen  and  of 
hydrosulphuret  of  ammonia  upon  solutions  of  several  of  the 
metals,  as  far  as. colour  of  the  precipitate  is  concerned,  see 
•Appendix. 

934.  Action  of  Fkosphontts. — Phosphorus  combines  with 
the  greater  number  of  the  metals,  forming  a  series  of  mefallie 
pho9phurets.  There  are  two  methods  of  forming  them  ;  either 
by  heating  a  mixture  of  phosphorus  and  the  metal,  or  project* 
ing  phosphorus  upon  the  metal  previously  heated  to  redness;  or 
by  heating  a  mixture  of  the  metal  or  its  oxide,  with  phosphoric 
acid  and  charcoal.  These  phosphurets  have  a  metallic  lustre  ; 
if  they  contain  a  difficultly  fusible  met^al  they  are  more  fusible 
than  the  metal  they  contain ;  if  an  easily  fusible  metal,  less 
80.  They  are  mostly  crystallizable,  and  tptally  or  partially 
decomposable  at  a  high  temperature. 

935.  The  metallic  phosphates  may  be  formed  either  by  dis- 
solving the  oxides  in  phosphoric  acid,  qr  by  adding  a  solution 
of  phosphoric  acid,  or  of  an  alkaline  phosphate,  to  solutions  of 
those  metals  which  form  insoluble  or  difficultly  soluble  phos- 
phates. The  greater  number  of  the  phosphates  are  decomposed 
by  ignition  with  charcoal ;  and  those  containing  volatile  oxides 
are  volatilized  at  high  temperatures. 

In  the  neutral  phosphates  the  quantity  of  oxygen  in  the  acid 
is  to  that  in  the  base  as  2  to  1.  Thus  phosphate  of  soda  consists 
of  32  soda  containing  8  oxygen,  and  28  phosphoric  acid  contain- 
ing 16  of  OQcygen. 

936.  When  phosphorus  is  introduced  into  the  solutions  of 
those  metals  which  have  but  a  feeble  attraction  for  oxygen,  it 
reduces  them  to  the  metallic  state.  Thus  gold,  silver,  and  plati- 
num are  thrown  down  by  immersing  a  stick  of  phosphorus  into 
their  respective  solutions. 

937.  Action  of  Carbon. — Carbon  unites  to  very  few  of  the 
metals,  and  of  the  metallic  carburets,  one  only  is  of  importance, 
namelyy  carburet  of  iron,  or  steel. 

938.  Carbonic  acid  unites  with  the  greater  number  of  the 
Catboutei.    metallic  oxides  and  forms  Carbonates^  of  which  the  distinctive 

characters  have  already  been  noticed ;  many  of  them  are  of 
difficult  solubility,  and  may  be  formed  by  adding  an  alkaline 
carbonate  to  the  metallic  solution.  Of  the  carbonates  some 
are  entirely,  and  others  only  partially  decomposed  at  a  red 
heat.  Carbonate  of  magnesia,  for  instance,  loses  the  whole  of 
its  carbonic  acid  at  a  red  heat;  carbonate  of  potassa  retains  it; 
and  bi-carbouAte  of  potassa  loses  one-half  and  passes  into  the 
state  of  carbonate. 

939.  Action  of  Metals  upon  each  other. — The  metals  may 
for  the  most  part  be  combined  with  each  other,  forming  a  very 
important  class  of  compounds,  tlie  metallic  alloys.  . 
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In  the  new  nomenelature,  the  word  allot  is  retained  as  a  AUoyi. 
general  term  for  all  combinations  of  metals  with  each  other ; 
and  the  specific  name  is  derived  from  that  of  the  metal,  which 
prevails  in  the  compound.  Thus  in  the  alloy  of  gold  with 
stiver f  the  gold  is  to  be  understood  as  being  in  greatest  propor- 
tion ;  in  the  allot/  of  silver  with  gold^  the  silver  is  the  princi- 
pal ingredient. 

940k  The   compounds  of  mercury  with  other  metals,  at  a 
very  early  period  of  chemistry,  were  called  amalgams,  and  as  AmAigaou. 
the  name  does  not  lead  to  any  erroneous^  notions,  it  may  still 
be  retained  to  denote  this  sort  of  alloy.     H. 

941.  Various  processes  are  adopted  in  the  formation  of  alloys  Proeemfoi  * 
depending  upon  the  nature  of  the  metals.     Many  are  prepared  loyT/"* 

by  simply  fusing  the  two  metals  in  a  covered  crucible  ;  but  if 
there  be  a  considerable  difference  in  the  specific  gravity  of  the 
metals,  the  heavier  will  often'  subside,  and  the  l-ower  part  of  the 
bar  or  ingot,  will  differ  in  composition  from  the  upper ;  this 
may  be  prevented  by  agitating  the  alloy  till  it  solidifies.  Mr 
Hatchett  found  that  when  an  alloy  of  gold  and  copper  was  cast 
into  bars,  the  moulds  being  placed  perpendicularly,  the  upper 
part  of  the  bar  contained  more  copper  than  the  lower.* 

When  one  of  the  metals  is  very  volatile,  it  should  generally 
be  added  to  the  other  after  its  fusidn  \  and  if  both  metals  be 
Tolatile,  they  may  be  sometimes  united  by  distilling  them 
together. 

It  has  been  a  question  whether  alloys  are  to  be  considered  as 
compounds,  or  as  mere  mixtures.  Mr  Daltont  considers  alloys 
to  be  chemical  compounds,  one  striking  instance  of  which  is  in 
the  alloy  of  tin  and  copper  called  apectilum  metal;  the  smallest 
deviations  from  the  true  proportions  will  spoil  the  alloy  as  a 
reflector.  In  some  cases  the  metals  are  found  to  unite  in  definite 
proportions  only  ;  and  it  is  probable  that  all  the  alloys  contain 
a  definite  compound  of  the  two  metals. 

942.  The  principal  characters  of  the  alloys  are  the  following : 

i.  We  observe  a  change  in  the  ductility;  malleability,  hard-  charaetan 
ness,  and  colour.     Malleability  and  ductility,  are  usually  im- "^■"*^ 
paired,  and  often  in  a  remarkable  degree:  thus  gold  and  lead, 
and  gold  and  tin,  form  a  bi^ittle  alloy.     The  alloy  of  copper  and 
gold  is  harder  than« cither  of  its  component  parts;  and  a  minute 
quantity  of  arsenic  added  to  copper,  renders  it  white. 

ii.  The  specific  gravity  of  an  alloy  is  rarely  the  mean  of  its 
component  parts ;'  in  some  cases  an  increase,  in  others  a  diminu** 
tion  of  density  having  taken  place. 

iii.  The  fusibility  of  an  alloy  is  generally  greater  than  that  of  FoBibrnty 
its  components.     Thus  platinum,  which  is  infusible  in  our  com-  fj^f^'f  |,^ 
mon  furnaces,  forms,  when  combined  with  arsenic,  a  very  fusi-  eompoiients  ; 
ble  alloy  ;  and  an  alloy  of  certain  proportions  of  lead,  tin,  and 
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bismuth  U  fasihle  at  212^,  a  temperature  several  degrees  below 
the  melting,  point  of  its  most  fusible  constituent. 

iv.  Alloys  are  generally  more  oxidizable  than  their  constitu- 
ents taken  singly ;  a  property  which  is,  perhaps,  partly  refera- 
ble to  the  formation  of  an  electrical  combination.  Where  an 
alloy  consists  of  two  metals,  the  one  easily  and  the  other  diffi- 
culHy  oxidizable,  it  may  be  decomposed  by  exposing  it  to  the 
action  of  heat  and  air,  the  former  metal  being  converted  into 
an  oxide;  its  last  portions,  however,  are  often  not  easily  sepa* 
rated,  being  protected  by  combination  with  the  least  oxidable 
metal.  An  alloy  of  three  parts  of  lead  and  one  of  tin  is  infi* 
nilely  more  oxidizable  than  either  of  its  components,  and  easily 
burns  at  a  dull  red  heat. 

V.  The  aption  of  acids  on  alloys  may  generally  be  anticipated 
by  a  knowledge  of  their  effects  upon  the  constituent  metals ; 
but  if  a  soluble  metal  be  alloyed  with  an  insoluble  one,  the 
former  is  often  protected  by  the  latter  from  the  action  of  an 
acid.  Thus,  silver  alloyed  with  ia  large  quantity  of  gold,  resists 
the  action  of  nitrid  acid  in  consequence  of  the  insolubility  of 
the  latter  metal  in  that  acid  ;  and,  in  order  to  render  it  soluble, 
it  is  requisite  that  the  silvei*  should  be  made  to  form  abouta 
fourth  part  of  the  alloy,  in  which  case  the  nitric  acid  ejctracts  it^ 
and  leaves  the  gold  in  an  insoluble  film  or  powder.* 

943.  Various  classifications  of  the  metals  have  been  adopted 
by  chemical  authors ;  some  dependent  upon  their  physical, 
t)thers  upon  their  chemical  properties.  The  former  can  scarcely 
be  considered  as  adapted  to  chemical  inquiry,  and  the  latter 
involve  numerous  difficulties  in  consequence  of  the  gradual 
transition  of  metals  of  one  class  into  those  of  another.  We  tnay^ 
consider  the  metals  in  the  order  in  which  they  are  set  down  in 
the  following  Table,  and  which  is  nearly  that  of  their  respective 
attractions  for  oxygen. 


1  Po.lauiuin 

%  Sodium 

3  Lithium 

4  Culciiim 

5  Barium 

j5  Strontium 


19  Uraniam 

20  Titanium 
2t  Cerium 
9%  Tellurium 


Metali  in  the 
-order  of  their 
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7  Magnesium 

'  8  Alumium 

9  Maogane»e 

10  Iron 

1 1  Zinc 
\t  Tin 

13  Cadmium 


23 

Artenic 

24 
25 

Molybdennm 
Chromium 

26 
27 

Tangiten 
Columbiam 

14  Copper 

15  Lead 

16  Aotiroony 

17  Biiimnth 
IS  CAalt. 


28  Nickel 

29  Mercury 
do  Osmium 

31  Iridium 

32  Rhodium 

33  Palladium 

34  SIlTer 

35  Gold 

36  Platinuffl 
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Section  IL    Potassium. 

944.  This  metal  was  discovered  in  1807  by  Sir  H.  Dayy.'* 

He  obtained  it  by  submitting  caustic  potassa,  or  potash,  to  the  Discovery, 
action  of  Voltaic  electricity :  the  metal  was  slowly  evolved  at 
the  negative  pole.  «  ' 

945.  To  this  discovery  and  others  of  a  similar  kind  Sir  H. 
Davy  was  led  by  a  train  of  inductive  reasoning,  which  is  not 
surpassed  by  any  investigation  in  the  history  of  the  physical 
sciences.     From  the  facts  which  had  become  known  respecting 

the  powers  of  electrical  decompositiooy  it  appeared  to  be  a  itsexiiteuM 
natural  inference,  that  the  same  powers  applied  in  a  state  of  the  b«>wu>ftrre<i- 
highest  intensity,  might  disunite  the  elements  of  some  bodie^i 
which  had  resisted  all  other  instruments  of  analysis.  If  potassa, 
for  example  were  an  oxide,  composed  of  oxygen  united  to  an 
inflammable  base,  it  seemed  probable  that  when  subjected  to  the 
action  of  opposite  electricities,  the  oxygen  would  be  attracted 
by  the  positive  wire  and  repelled  by  the  negative.  At  the  same 
time,  the  reverse  proeess  might  be  expected  to  take  place  with 
respect  to  the  combustible  base,  the  appearance  of  which  might 
be  looked  for  at  the  negative  pole. 

946.  In  his  first  experiments,  suggested  by  these  views,  Sir 

H.  Davy  failed  to  effect  the  decomposition  of  potassa,  owing  to  Davy**  «xpe. 
his  employing  the  alkali  in  a  state  of  aqueous  solution,  and  to  ^^^^^ 
the  consequent  expenditure  of  the  electrical  energy  in  the  mere 
decomposition  of  water.  In  his  next  trials,  the  alkali  was 
liquefied  by  heat  in  a  platinum  dish,  the  outer  surface  of  which, 
immediately  under  the  alkali,  was  connected  with  the  zinc  or 
positive  end  of  a  battery  consisting  of  IDO  pairs  of  plates,  each 
six  inches  square.  In  this  state  the  potassa  was  touched  with  a 
platinum  wire  proceeding  from  the  copper  or  negative  end  of 
the  battery  ;  when  instantly  a  most  intense  light  was  exhibited 
at  the  negative  wire,  and  a  column  of  flame  arose  from  the  point 
of  contact,  evidently  owing  to  the  deyeiopefnent  of  combustible  » 

matter.     The  results  of  the  experiments  could  not,  however,  be 
collected,  but  were  consumed  immediately  on  being  formed. 

947.  The  chief  difficulty  in  subjecting  potassa  to  electrical 

action  is,  that,  in  a  perfectly  dry  state,  it  is  a  complete  non-  ibthodofob- 
conductor  of  electricity.'   When  rendered,  however,  in  jlhe  least  ^^^^^ 
degree  moist  by  breathing  on  it,  it  readily  undergoes  fusion  and  ^^^7- 
decomposition,  by  the  application  of  strong  electrical  powers. 
For  this  purpose,  a  piece  of  potassa,  weighing  from  60  to  70 
grains,  may  be  placed  on  a  small  .insulated  plate  of  platinum^ 
and  may  be  connected,  in  the  vvay  already  described,  with  the 
opposite  end  of  a  powerful  electrical  battery,  containing  not 
less  than  100  pairs  of  six  inch  plates.     On  establishing  the  con- 
nexion, the  potassa  will  fuse  at  both  places,  where  It  is  in  con- 
tact with  the  platinum.    A  violent  effervescence  will  be  seen  at 
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the  upper  surface,  arising,  as  Sir  H.  Davy  has  ascertained,  from 
the  escHpe  of  oxygen  gas.  At  the  lower  or  negative  surfaee,> 
no  gas  will  be  liberated ;  but  sn)all  bubbles  will  appear,  having 
a  high  metallic  (ustre,  and  being  precisely  similar  in  visible 
characters  to  quicksilver.  Some  of  these  globules  burn  with 
an  explosion  and  bright  flame ;  while  others  are  merely  tarnish- 
ed, and  are  protected  from  farilier  change  by  a  white  film,  which 
forms  on  their  surface. 

This  production  of  metallic  globules  is  entirely  independent 
of  the  action  of  the  atmosphere ;  for  Sir  H.  Davy  finds,  that 
they  may  be  produced  in  vacuo. 

948.  To  preserve  this  new  substance,  it  is  necessary  to  im- 
merse it  immediately  in  pure  naptha,  a  fluid  which  will  be  de- 
scribed in  a  subsequent  part  of  the  work.  If  exposed  to  the 
atmosphere,  it  is  rapidly  converted  back  again  into  the  state  of 
pure  potassa.  To  prevent  its  oxidation  still  more  efiectually, 
Mr  Pepys  has  proposed  to  produce  it  under  naptha ;  and  has 
contrived  an  ingenious  apparatus  for  this  purpose,  which  is 
described  in  the  31st  volume  of  the  Philosophical  Magazine^ 
page  241. 

949.  Nothing  can  be  more  satisfactory  than  the  evidence 
furnished  by  these  experiments,  of  the  nature  of  one  of  the 
fixed  alkalies.  By  the  powerful  agency  of  opposite  electricities. 
It  is  resolved  into  oxygen  and  a  peculiar  base.  This  base 
like  other  combustible  bodies,  is  repelled  by  positively  electri- 
fied surfaces,  and  attracted  by  negative  ones ;  and  hence  its  own 
natural  state  of  electricity  must  necessarily  be  positive.  Again, 
by  uniting  with  oxygen,  it  is  once  more  changed  into  alkali, 
either  slowly  at  ordinary  temperatures ;  or  with  heat  and  light, 
at  high  temperatures.  We  have  the  evidence,  therefore,  both 
of  analysis  and  synthesis,  that  potassa  is  a  compound  of  oxygen 
with  a  peculiar  inflammable  basis. 

950.  In  assigning  to  this  newly  discovered  substance  a  fit 
place  among  the  objects  of  chemistry.  Sir  H.  Davy  was  induced 
to  class  it  among  the  metals,  because  it  agrees  with  them  in 
opacity,  lustre,  malleability,  conducting  powers  as  to  heat  and 
electricity,  and  in  its  qualities  of  chemical  combination.  The 
only  property  which  can  be  urged  against  this  arrangement,  is 
its  extreme  levity,  which  even  exceeds  that  of  water.  But  when 
we  compare  the  difierences  which  exist  among  the  metals  them- 
selves, this  will  scarcely  be  considered  as  a  valid  objection. 
Tellurium,  for  example,  which  no  chemist  hesitates  to  consider 
as  a  metal,  is  only  about  six  times  heavier  than  the  base  of 
potassa,  while  it  is  four  times  lighter  than  platinum ;  thus  form- 
ing a  sort  of  link  between  the  old  metals  and  the  laases  of  the 
alkalies. 

951.  In  giving  names,  therefore,  to  the  alkaline  bases,  Sir  H. 
Davy  has  adopted  that  termination,  whiob,  by  common  consent, 
has  been  applied  to  other  newly  discovered  metals,  and  which, 
though  originally  Latin  is  now  naturalized  in  our  language. 
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The  base  of  potassa  he  has  called  potassium,  and  the  base  of 
soda,  sodium;  and  these  names  have  met  with  universal  accepta- 
tion among  chemical  philosophers. 

952.  Process  for  preparing  Potassium. — It  is  not,  how-, 

ever,  by  electrical  means  only  that  the  decomposition  of  potassa  other  pro- 
has  been  accomplished.     Soon  after  Sir  H.  Davy's  discoveries  ^'I^il^^tu- 
were  known  at  Paris,  Messrs  Gay-Lus3ac,  and  Thenard*  sue-  """•    . 
ceeded  in  their  attempts  to  decompose  both  the  fixed  alkaliesi 
without  the  aid  of  a  Voltaic  apparatus,  merely  by  the  interven- 
tion of  chemical  affinities.     Their  process,  though  it  affords  the 
alkaline  bases  of  less  purity,  yields  them  in  much  larger  quan- 
tity, than  the  electrical  analysis,  viz,  to  the  amount  of  nearly  ' 
400  grains  by  one  operation.     It  consists  in  bringing  the  alkalies 
into  contact  with  intensely  heated  iron,  which,  at  this  tempera- 
ture, attracts  oxygen  more  strongly  than   the  alkaline  base 
retains  it. 

The  apparatus  used  for  obtaining  potasfium,  has  a  general  resemblance  Co  Apparatosfer 
that  which  is  employed  for  decomposing  water  by  means  of  iron^     It  consists  obtaining  piK 
of  a  gun* barrel  curved  as  in  fig.  120,  which  is  copied  from  Thenard^s  TraUi  dt  ^^^^^' 
Chimie,    At  one  end  the  barrel  is  drawn  out  to  rather  a  smaller  diameter ;  and,  ^'*  ^"' 
before  being  uced,  it  is  to  be  coFered  between  b  and/,  with  a  lute  of  infusible 
clay, — (the  lute  may  consist  of  five  parts  sand  and  one  potters'  clay — )  which 
should  be  euflereil  to  dry  thoroughly.     Into  the  barrel  between  /  and  6,  clean 
iron  turnings  are  to  be  introduced,  and  between  a  and  b  pieces  of  solid  hydrate 
of  potassa.     A  tube  of  safety  is  to  be  luted  to  the  end  a,  and  is  to  be  immersed 
in  mereury  in  the-  glass  vessel  m.    To  the  smaller  end  of  the  barrel,  a  short 
piece  of  copper  tube,  g^  is  accurately  ground,  and  to  this  last  a  small  copper 
receiver,  A,  destined  to  collect  the  potassium,  is  fitted  by  grinding.     To  the 
other  crud  of  A,  a  tube  of  safety,  t,  is  to  be  luted,  and  made  to  dip  into  mercury 
contained  in  the  vessel  /,  but  to  a  less  depth  thai^  the  safety  tube  rrL  ^ 

A  strong  heat,  it  now  to  be  raised  in  the  furnace,  and,  while  this  is  doing,  the  .' ''       ^ 

part  of  the  barrel  containing  the  potassa,  as  well  as  the  end/,  and  the  attached 
copper  tube  and  receiver,  should  be  kept  cool  by  wet  cloths.  If  gas  now  mnen 
abundantly -through  the  safety  tube  t,  the  junctures  may  be  concluded  to  be 
tight*  When  the  barrel  has  become  white  hot,  the  potassa  may  be  melted  by 
burning  charcoal  contained  in  a  moveable  cage  k.  it  will  then  flow  upon  the 
intensely  ignited  iron  turnings,  and  a  large  quantity  of  hydrogen  gas,  holding 
some  potassium  in  solution,  will  issue  through  the  safety  tnhe,  u  The  cage 
may  now  be  removed  for  a  short  time ;  and,  when  the  production  of  gai 
slackens,  it  may  be  restored  to  its  phcf  •  These  operations  may  be  repeated 
alternately  till  no  more  gas  is  evolved;  after  which  the  heat  in  (he  furnace 
should  be  made  as  internee  as  possible,  in  order  to  drive  off  some  of  the  potas- 
sium which  strongly  adheres  to  the  iron  turnings.  If  the  escape  of  the  gas 
through  t,  shouVl  st  any  time  cease  during  the  operation,  and  take  place 
throuch  m,  this  will  probably  be  owing  to  a  lodgment  of  potassium  at  the 
end  /,  of  the  barrel,  from  which  it  may  be  melted  into  the  copper  receiver,  by 
holding  a  little  red-hot  chafcoal  under  the  part  where  it  has  condensed. 

At  the  close  of  the  operation,  as  soon  as  the  vesseU  g  and  h  are  sufficiently  * 
eoo],  tbey  are  to^be  removed,  then  filled  with  naphtha,  emptied  okbui,  and 
qoiokJy  stopped  with  corks.  As  a  portion  of  potassium  generally  reinaifiji  in 
the  portion/,  the  barrel  should  aUo  be  plugged  by  an  iron  stopper  provided  for 
the  purpose.  When  sufiiciently  cold  it  may  be  removed  from  the  furnace,  and 
a  little  naphtha  passed  through  it.  The  potassium  must  be  detached  in  as  large 
pieces  as  possible  from  the  barrel,  and  from  the  copper  receirer,  and  be  kept 
under  rectified  naphtha  in  a  well-stopped  phial. 

953.  When  the  iron  turnings  are  very  clean,  the  potassa  very 
dry  and  pare,  and  the  whole  apparatus  Free  from  foreign  matters, 


*  Jinnale$  tU  CAnM«,  Uv.  3S5 ;  or  Memnrt  fJircwU,  m  SpO. 
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the  metal  produced  differs  very  little  from  that  obtaiDed  by  a 
Voltaic  battery.  Its  lustre,  ductility,  and  malleability  are  simi- 
lar. Its  point  of  fusion  and  specific  gravity,  however,  are  a 
little  higher;  for  it  requires  nearly  130^  Fahr.  to  render  it 
perfectly  fluid,  and  is  to  water  as  796  to  1000  at  60^  Fahreii-^ 

'  heit.  This  Sir  H.  Davy  ascribes  to  contamination  with  a 
minute  proportion  of  iron.  The  aflBnities,  indeed,  by  which 
the  decomposition  is  produced,  he  supposes  to  be  those  of  iron 
for  oxygen^  •f  iron  for  potassium,  and  of  potassium  for  hydro- 
gen»* 
MrBnmei'ft  954.  The  CTcat  diflScultv  in  this  process  consists  in  protect- 
ing  the  gun-barrel  from  the  effects  of  the  violent  heat  which  is 

'  necessary  to  decompose  the  alkali.  To  guard  it  from  injury,  a 
hollow  cylinder,  made  of  Stourbridge  clay,  has  been  found  to 
answer  much  better  than  lute»t  The  success  of  the  operation 
is,  however,  more  effectually  secured  by  an  improvement  of 
M.  Brunner,  which  enables  us  to  perform  it  at  a  lower  tempera- 
ture4  The  retort  employed  by  him  is  a  spheroidal  iron  bottle, 
about  half  an  inch  in  thickness,  and  capable  of  holding  about 
a  pint  of  water,  into  the  shorter  end  of  which  a  gun-barrel  bent 
into  this  form  ( f )  is  screwed.  When  the  retort  is  charged 
and  luted,  it  is  placed  in  a  furnace  ;  so  that  the  longer  leg  of 
the  bent  gun-barrel  may  pass  out  at  the  bottom  or  in' fronts 
in  a  direction  nearly  perpendicular,  the  bent  part  itself  remain- 
ing in  the  furnace,  and  being  wound  round  with  iron  wire  to 
protect  it  from  the  fire.  The  receiver  is  a  cylindri car  copper 
vessel  with  an  opening  at  the  top  to  admit  the  end  of  the  gun- 
barrel,  and  a  tiihe  passing  from  the  side  to  convey  away  the 
gas  produced  in  the  operation.  It  is  placed,  when  in  use,  in 
water  or  in  ice.  The  decomposition  of  the  potassa,  M.  Brunner 
finds  is  greatly  facilitated  by  employing  charcoal  along  with 
the  iron.  Into  the  retort,  afiter  being  cleaned,  dried,  and  heat- 
ed, four  ounces  of  fused  ,caustic  potassa  were  introduced,  in. 
small  portions  alternately  with  six  ounces  of  iron  turnings 
broken  in  a  mortar  and  mixed  with  one  ounce  of  pulverized 
charcoal.  The  whole  was  stirred  together,  r.nd  covered  with 
two  ounces  of  iron  turnings;  and  the  retort  being  luted  and 
the  barrel  adapted,  the  fire  was  lighted  and  gradually  raised. 
In  half  an  houi*,  the  green  vapours  of  potassium  appeared  in  a 
.  *»■■»■  ■  '     ■  ■^""^^^^^~^^^'~~^  ' '  ■^— i^—— «— ^^^■^— ^— ^■»^-^~»~*^^— " 

-  -  _,  ,  -      *  Mr  Teanaofs  apparatus  by  which  we  can  obtain  potaniam  with  the  h«at  of  a  eommon  furgei  fig, 

apMratua.       1^1?  contists  of  a  giin  barrel  o,  eighteen  inches  long«  cloeed  at  one  end,  and  whote  thickest  part  it 

widened  by  means  of  a  Iiamaier ;  it  is  coated  externally  with  a  Inte  aimilar  to  that  mentioned  in  th» 

preocding  appaiatus ;  Uie  mixture  of  potassa  and  cotUngs  uf  iron  proper  to  fvnuafa  the  potaasiaoi  ir 

itttrodueed,  and  the  tube  is  fixed  with  a  certain  inclination  in  a  reverberatory  fornaoe  or  forge/;  in 

tiie  upper  part  of  the  barrel  is  inserted  a  narrower  tube  t,  seven  or  eight  indies  long,  having  a  small  bole 

at  if  lower  end,  in  which  the  vajrartaed  potassium  ought  to  pass :  this  tube  should  not  be  entirely 

inserted  in  the  former ;  about  an  inch  should  extend  beyond  it,  in  order  to  remove  it  YnA  mora  ease ; 

at  its  upper  end  an  empty  tube  o,  is  fixed  and  closed  with  a  cork,  throu^  which  passes  a  bent  glass 

tube  r,  in  which  a  little  mercury  is  put.    The  part  of  the  tube  e,  tf ,  which  is  out  of  the  furnace,  should 

.be  kept  in  wet  linen  or  brown  paper,  to  facilitate  the  condensation  uf  the  metal.    Things  being  so 

ilisposed,  a  strong  heat  is  applied  about  aq  hour,  and  the  potassium  is  obtained  iatbo  tube  c 

t  ^««-  of  PhU.  M.  S.  vi.  S33.  t  Q«Mtrt.  Jeur.  zv.  979. 
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!;la8s  tube,  which  had  been  attached  to  the  end  of  the  barrel 
or  the  purpose  of  watching  the  process.  The  receiver  con- 
taining naphtha  was  now  applied,  so  that  the  end  of  the  barrel 
dipped  into  the  fluid.  An  immense  production  of  gas  took 
place  which  frequently  took  fire  spontaneously  and  burned  with 
a  violet  flame  and  white  fumes.  In  twenty-five  minutes  from 
the  application  of  the  receiver,  the  gas  diminished  in  quan- 
tity, and  soon  entirely  ceased  coming  over.  The  receiver 
was  then  separated,  and  found  to  contain  150  grains  of  potas- 
sium. Eight  ounces  of  fused  subcarbonate  of  potassa,  six  ounces 
of  iron  filings,  and  two  ounces  of  charcoal,  similarly  treated^ 
gave  140  grains  of  potassium.  Crude  tartar  (impure  bi-tartrate 
of  potassa)  was  found  also  to  yield  potassium  in  the  propor- 
tion of  150  grains  from  12  ounces  of  tartar.  The  substitution 
of  the  two  last  mentioned  salts  makes  the  process  much  more 
economical;  and  the  employment  of  charcoal  renders  so  much 
lower  a  heat  necessary  than  for  the  common  method,  that 
the  same  apparatus  served  for  as  many  as  thirty  operations. 
In  potassium,  however,  which  had  thus  been  obtained  from  the 
subcarbonate,  Berzelius  found  some  admixture  of  charcoal.*t 
H.  1.  521. 

955.  Potassium  is  a  white  metal  of  great  lustre.     It  exists  in  proptttM* 
small  globules,  which  possess  the  opacity,  and  general  appearance 

*of  mercury ;  so  that  when  a  globule  of  mercury  is  placed  near 
one  of  potassium  the  eye  can  discover  no  difference  betweea 
them.  It  instantly  tarnishes  by  exposure  to  air.  It  is  ductile, 
and  of  the  consistencv  .of  soft  wax. 

Its  specific  gravity  is  0,865.  At  150°  it  enters  into  perfect 
fusion ;  and  at  a  bright  red  heat  rises  in  vapour.  At  32°  it  is  a 
hard  and  brittle  solid.  If  heated  in  air  it  burns  with  a  brilliant 
white  flame.  It  is  an  excellent  conductor  of  electricity  and  of 
heat. 

956.  Potassiufn  and  Oxygen, — When  potassium  is  thrown  conbiMtioii 
into  water,  or  upon  a  piece  of  ice,  it  instantly  takes  fire ;  hydro-  ^^ «*!«•■• 
gen  gas  is  evolved,  and  oxide  of  potassium^  or  potassa^  is 

found  dissolved  in  the  water. — ^The  Quantity  of  hydrogen  evolv-  ^a^ 
ed  in  this  experiment  becomes  the  indicator  of  the  proportion 
of  oxygen  which  has  been  transferred  to  the  metal ;  100  parts 
of  potassium  are  thus  found  to  absorb  20  of  oxygen;  and  if 
this  be  considered  a  protoxide,  then  20  :  100  :  :  8  :  40, — so 
that  40  will  be  the  number  representing  potassium,  and  40  P. 
•f  8  0.  =5  48  will  represent  dry  oxide  of  potassium.  (B) — Whea 
water  is  made  to  act  on  the  base  of  potassa,  atmospheric  air 
being  excluded,  there  is  much  heat  and  noise,  but  no  luminous 
appearance,  and  the  gas  evolved  is  pure  hydrogen.  Each  grain 
of  potassium,  by  acting  on  water,  detaches  about  1,06  cubic 
inches  of  hydrogen  gas.     H. 

*  AuM.  it  Ckim  *c  utU.  3«0. 

t  M.  Van  Mont  liu  applied  the  reiidiie  obCainsd  by  dacompOMiig  oitr*  by  haat  to  (bo  prejmrattop 
•f  poUmiam.    See  i^^vt'  J^wr,  44, 405. 
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95*7.  The  production  of  alkali,  by  the  action  of  water  on 

potassium,  is  most  satisfactorily  shown,  by  dropping  a  |2;lohule 

%  of  the  metal  upon   moistened  paper,  which  has  been   tinged 

Bxp.  yf\\h  turmeric.     At  the  moment  when  the  globule  comes  into 

contact  with  the  paper,  it  burns,  and  moves  rapid!)',  as  if  in 
search  of  moisture,  leaving  behind  it  a  deep  reddish-brown 
trace,  and  acting  upon  the  paper  exactly  like  dry  caustic  po- 
tassa.  So  strong,  indeed,  is  the  affinity  of  potassium  for  oxy* 
gen,  that  it  discovers  and  decomposes  the  small  quantities  of 
water  contained  in  alcohol  and  ether,  even  when  carefully  puri- 
fied, and  disengages  from  both  these  fluids,  hydrogen  gas.  H* 
1.  524. 

Potoaa.  958^  Potassa,  in  the  state  it  is  usually  met  with  in  labonr* 

tories,  contains  a  considerable  portion  of  water,  from  which  it 
may  be  freed  by  the  action  of  iron  at  high  temperatures,  and 
there  always  remains  in  the  barrel,  after  the  above  experiment, 
a  large  portion  of  dry  potassa.  It  is  a  hard  grey,  substance,^ 
which,  by  water,  is  slowly  converted  into  the  hydrated  oxide, 
or  caustic  potash,  which  may  be  obtained  by  evaporation.  This 
substance,  after  exposure  to  a  red  heat,  is  white  and  very  soluble 
in  water;  it  may  be  considered  as  a  compound  of  1  proportional 
of  protoxide  of  potassium  =48  +  1  proportional  of  water  9,  and 
its  number  =  57. 

Pejoxide.  959.  Peroxtde  of  Potossium, — If  the  metal  be  heated  in  con- 

siderable excess  of  oxygen,  it  burns  with  intense  heat  and  light, 
and  an  orange-coloured  substance  is  obtained,  which  consists  of 
40  potassium  -f-  24  oxygen  =  64.  This  peroxide  of  potassium, 
when  put  into  water,  effervesces,  oxygen  is  given  off  and  a 
solution  of  the  hydrated  protoxide  is  obtained..  Peroxide  of 
potassium  is  also  formed  by  passing  oxygen  over  potassa  heated 
to  redness. 

Mode  of  pro-      960.  The  hydrated  protoxide  or  caustic  potash,  is  procured 

corm^ausuc  .^  ^^^  laboratories  by  decomposing  its  carbonate  by  lime.  The 
best  process  consists  in  boiling  in  a  clean  iron  vessel,  carbonate 
of  potassa,  (obtained  by  calcining  tartar)  with  half  its  weight  of 
pure  quick-lime,  in  water.  The  ley  is  strained  through  clean 
linen,  concentrated  by*evaporation,  again  strained,  and  set  by 
in  a  well-stopped  bottle  till  it  admits  of  being  decanted  clear 
from  the  sediments  The  clear  solution  is  to  be^ evaporated  to 
dryness.  It  is  oflen  cast  into  sticks  for  the  use  of  surgeons, 
who  employ  it  as  a  caustic^  and  in  this  state  it  generally  con- 
tain? some  peroxide,  and  therefore  evolves  oxygen  when  dis- 
solved in  water.  It  is  Xh^  potassa  fusa  of  the  London  Phar- 
macopoeia, It  may  be  further  purified  by  the  action  of  alcohol, 
which  dissolves  the  pure  hydrate  and  leaves  earthy  aiid  other 
impurities ;  the  alcohol  is  then  driven  off  by  heat.  In  this  case 
the  alcohol  is  always  in  some  measure  acted  upon  by  the  potassa, 
and  a  portion  of  carbonaceous  matter  deposited,  so  that  it  should 
be  allowed  to  remain  as  short  a  time  as  |>ossible  combined  with 
the  alkali.    Having  obtained  the  dry  caustic  alkali  by  lime^  it 


B£CT*  n.  Chlorine  and  Potasaium.  261 

may  be  boiled  in  a  silver  basin  with  highly  rectified  alcohol  for 
a  few  minutes,  and  then  set  by  in  a  stopped  phial ;  when  the 
impurities  are  deposited,  the  alcoholic  solution  may  be  poured 
off  and  rapidly  evaporated  to  dryness  in  a  silver  basin  as  before  : 
>tbe  heat  may  then  be  raised  so  as  to  fuse  the  potassa,  which, 
on  cooling,  should  be  broken  up  and  preserved  in  well-closed 
phials.* 

Hydrate  of  Potassa  thus  purified  is  white,  very  acrid  and 
corrosive^  and  at  a  bright  red  heat  evaporates  in  the  form  of 
white  acrid  smoke.  It  quickly  absorbs  moisture  and  carbonic 
^cid  from  the  air,  and  at  60^  one  part  of  water  dissolves  two.t 
It  may  be  crystallized  in  octoedrons.  It  is  highly  alkaline,  and 
being  exclusively  procured  froni  vegetables  was  formerly  called 
vegetable  alkali.  When  touched  with  moist  fingers  it  has  a  cibvaetert; 
soapy  feel,  in  consequence  of  its  action  upon  the  cuticfe.  In 
the  fused  state  it  produces  heat  when  dissolved  in  water ;  but 
in  its  crystallized  state  it  excites  considerable  cold,  especially 
when  mixed  with  snow>  At  a  natural  temperature  of  30^,  M. 
Lowitz  found  that  equal  weights  of  crystallized  potassa  and 
snow  depressed  the  thermometer  45^4 

961.  Potassa  may  be  distinguished  from  all  other  substances  ^£*J|^!!g^^ 
by  the  following  characters.  1.  If  tartaric  acid  be  added  in  ed. 
excess  to  a  salt  of  potassa  dissolved  in  water,  and  the  solution 
be  stirred  with  a  glass  rod,  a  white  precipitate,  the  bitartrate  of 
potassa,  soon  appears,  which  forms  peculiar  white  streaks  upon 
the  glass  by  the  pressure  of  the  rod  in  stirring.  2.  A  solution 
of  the  muriate  of  platinum  causes  a  yellow  precipitate,  the 
muriate  of  platinum  and  potassa.  This  is  the  most  delicate 
test,  provided  the  mixture  be  gently  evaporated  to  dryness,  and 
a  little  cold  water  be  afterwards  added.  The  muriate  of  plati- 
num and  potassa  then  remains  in  the  form  of  small  shining 
yellow  crystals.  3.  By  being  precipitated  by  no  other  sub- 
8tance.§ 

962*  Chlorine  and  Potassium  act  very  energetically  upon  ch*«>^«- 
each  other,  and  produce  the  white  compound  which  has  been 
called  muriate  of  potash,  but  which  is  a  true  chloride  of  potas^. 
stum.     According  to  Sir  H.  Davy  it  is  constituted  of  75  potas* 

*  Bfr  Donovan  hu  propoaed  the  following  «■  a  mora  easy  nielliod  of  obtaining  pure  potaaaa.  The 
crfitaUizadl  U-carbonate  of  potaaa  of  the  ahopt  ia  to  be  purifiod  hy  diaaolving  it  in  wafer  at  tba 
tamperatuio  of  10(P.  The  aaturatad  solution  must  bo  filtered  and  poured  into  a  flat  dish,  and  placed 
before  the  fire ;  in  a  few  lioora  a  crop  of  erjstala  of  the  pure  Di<<arboaato  will  be  obtained.  They 
may  then  be  riuaed  with  a  very  small  quantity  of  water,  and  dried  on  blotting  paper.  The  crystalt 
are  now  to  be  diaaolved  in  water,  and  boiled  with  their  own  weight  of  hydrate  of  lime  for  15  minutes ; 
the  liquid  ia  then  to  be  filtored  and  we  have  at  osce  a  aolutioo  of  pure  potassa  which  may  be  evapo- 
rated na  above.    See  Boston  Jour.  «/  PhiUt.  iii.  fi6. 

t  For  a  table  of  the  quantity  of  real  potassa  contained  in  eolations  of  difierent  ipeclfio  gwvities, 
see  .^ppendiat. 

t  Aiauau  4»  CAtffws,  zxii.  $  Tttnwr. 
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«ium  +  67  chlorine;  or  of  1  atom  potassium  s^O  +  1  atom  of 
chlorine  =  SQ  arid  its  equivalent  number  is  76.* 

When  potassium  is  heated  in  gaseous  muriatic  acid,  this  com* 
pound  is  formedi  and  hydrogen  is  evolved.  It  dissolves  wiihout 
decomposition  in  three  parts  of  water  at  60^.  It  crystallizes  in 
cubes ;  its  taste  is  saline  and  bitter.  In  old  pharmacy  it  was 
called  salt  of  Sylvius  ;  also,  regenerated  sea-salt. 
GWoraie,  463.  Chlo9'ate  of  Potassa  is  formed  by  passing  chlorine 

through  a  solution  of  |)otassa.     Chloride  of  potassium  is  one  of 
the  results,  the  other  is  a  salt  in  brilliant  rhomboidal  tables 
(formerly  called  oxymuriate  of  potash)  the  chlorate. 
how  obtaiQ.       This  sslt  is  prepared,  upon  the  large  scale,  by  charging  one' 
•**•  or  two  Woulfe's  bottles  with  solution  of  carbonate  of  potassa, 

and  passing  chlorine  slowly  through  it  :t.  the  gas  is  absorbed, 
and  the  liquor  effervesces  chiefly  from  the  escape  of  carbonic 
acid  ;  when  this  has  ceased,  the  liquor  may  be  put  aside  in  a 
cold  dark  place  for  about  24  hours,  when  it  will  be  found  to 
have  deposited  a  considerable  portion  of  the  crystallized  chlo- 
rate which  may  be  taken  out,  drained,  and  purified  by  solution 
in  hot  water,  which,  during  cooling  again,  deposits  the  salt  in 
white  crystalline  scales.  The  liquor  is  generally  of  a  pinkish 
hue,  from  the  presence  of  manganese. 
Theory  of  the  964.  Whcu  obtained  by  the  absorption  of  chlorine  by  solution 
procefii.  ^f  potassa,  part  of  the  chlorine  is  employed  in  decomposing  the 
water  of  the  alkaline  solution,  forming,  with  its  hydrogen,  com- 
mon muriatic  acid,  while  another  portion  of  chlorine  unites 
with  the  oxygen  thus  set  at  liberty,  forming  chloric  acid  which 
unites  with  the  potassa. 

965.  Chlorate  of  potassa  is  constituted  of  1  atom  of  potassium 
weighing  40,  1  atom  of  chlorine  =  36,  and  6  atoms  of  oxygen 
=  48  ;  and  its  equivalent  number  is  the  sum  of  these,  viz.  124. 
Properties.  966.  The  tastc  of  this  salt  is  cooling  and  austere.  When 
triturated  it  appears  phosphorescent.  When  exposed  to  a  dull 
red  heat  it  decrepitates,  fuses,  and  gives  out  oxygen,  and  chlo- 
ride of  potassium  remains.  It  is  soluble  in  17  parts  of  cold  and 
2,5  of  boiling  water. 

It  acts  very  energetically  upon  many  inflammables. 

j>  Rab  two  grains  into  powder  in  a  mortar,  and  add  one  grain  of  falphnr.    Mhc 

them  very  accurately,  by  gentle  triture,  and  then,  having  collected  the  mixture 
to  one  part  of  the  mortar,  press  the  pestle  down  upon  it  suddenly,  and  forcibly. 
A  loud  detonalion  will  enf ue.- -Or,  if  the  mixed  ingredients  be  wrapped  in  some 
strong  paper,  and  then  struck  with  a  hammer,  a  still  louder  report  will  be  pro- 
duced. 

*  Coittiderad  u  a  imiriftte  of  potiuts  (in  which  state  thi«  Rait  must  alwaya  exist  when  in  watery 
aolurion,)  it  may  be  regarded  aa  conititotod  of  an  atom  of  muriatic  add  37,  and  an  atom  of  potassa, 
4S,  and  it*  rapreneotatiTe  number  is  85.    Under  this  view  it  is  conslituled  of 

Acid --    S6,57 

Potassa     --...------    03,43 

*      100?    H.  1.5891 

t  The  tube,  which  is  immecsed  in  the  alkaline  snlution,  should  be  ft  least  half  ao  inch  in  diameter, 
to  prevent  its  being  choaked  up  by  crystals  that  may  form. 
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Mix  five  prftim  of  the  salt  with  half  the  quantity  of  powderpd  charcoal  in  a  Exp. 
timilar  maoDer.    On  trituratiofc  the  mixtore  btroui^ly,  it  will  inflaru^,  etpeciallj 
with  the  addition  of  a  grain  or  two  of  sulphur,  but  not  with  much  noise. 

967.  When  sulphuric  acid  is  poured  upon  mixtures  of  this  i^^^^^l^^ 
salt  and  combustibles,  instant  ignition  ensues  in  consequence  of 
the  evolution  of  oxide  of  chlorine ;   and  ^when  sulphuric  or 
nitric  acids  are  poured  upon  similar  mixtures  under  water  by 
means  of  a  long  funnel,  inflammation  also  ensues. 

Mix  a  small  quantity  of  sugar  with  half  its  weight  of  the  salt,  and  on  the  mix-  £xp. 
ture  pour  a  little  sulphuric  acid.*     A  sudden  and  ▼«h«ment  inflaiumation  will  ba 
produced.     Thit  experiffi'int,  as  well  as  the  following^  requires  cantlon. 

To  one  grain  of  the  powdered  salt,  add  about  half  a  grain  of  phosphorus,  ^P* 
wrap  them  in  tin  foil,  and  place  upon  an  anvil,  on  striking  the  mixture  with  a 
bammer  the  phosphorus  will  detonate,  with  a  very  loud  report.    I'he  hand  should 
be  covered  with  a  glove  in  making  thi»  experiment,  and  care  should  be  taken 
that  the  phosphorus,  in  an  inflamed  stale,  does  not  fly  into  the  eyes. 

Phosphorus  may  also  be  inflamed  under  the  surface  of  water,by  means  of  this  £]q». 
•alt.  Put  into  a  wine  ghs%  one  part  of  phosphorus  with  (wo  of  the  salt  ;  fill  it 
nearly  with  water,  and  pour  in,  by  means  of  a  glass  tube,  reaching  to  the  bottom, 
thtee  or  four  parts  of  sulphuric  acid.  1'he  phosphorus  takes  fire,  and  burne 
Tividly  under  the  water.  This  experiment  too  requires  caution  lest  the  inflamed 
phosphorus  should  be  thrown  into  the  eyes.f  Oil  may  also  be  thus  inflamed 
on  the  surface  of  water,  the  experiment  being  made  with  the  omission  of  the 
photphorus,  and  the  substitution  of  a  little  olive  or  Jiuseed  oil. 

96S.  Chlorate  of  potassa  should  not  be  kept  mixed  with  sul- 
phur in  considerable  quantity,  as  the  mixture  may  explode 
0pontaneoiisly. 

969.  It  was  proposed  by  Berthollet  to  substitute  this  salt  for  suiMUtntad' 
nitre,  in  the  preparation  of  gunpowder  and  the  attempt  was  ^uV^vwiit' 
made  at  Essone  in  1788 ;  but,  as  might  have  been  expected,  no 
sooner  was  the  mixture  of  the  chlorate  with  the  sulphur  and 
charcoal  submitted  to  trituration  than  it  exploded  with  violence, 

and  proved  fatal  to  several  people.  With  phosphorus  the  deto- 
nation is  dangerously  violent.  These  phenomena  depend  upon 
the  decomposition  of  the  chloric  acid  and  the  evolution  of  per- 
oxide of  chlorine  (323). 

970.  A  few  grains  of  chlorate  of  potassa  put  into  a  tea-spbon- 
fal  of  muriatic  acid,  and  then  diluted  with  water,  form  an 
extemporaneous  bleaching  liquor. 

971.  By  Gay-Lussac,  the  chlorates  are  considered  as  com- 
pounds of  chloric  acid  with  alkaline  and  earthy  bases;  by  Sir 
H.  Davy,  they  are  regarded  is  triple  compounds  of  1  atom  of 
chlorine,  i  atom  of  metallic  base,  and  6  atom^  of  6xygen.  But 
chloric  acid  being,  as  is  deducible  from  the  experiments  of  Gay- 
Lussac,  compounded  of  five  atoms  of  oxygen  with  1  of  chlorine; 
there  is  no  difference  as  to  the  facts,  whatever  there  may  be  as 
to  their  explanation.  This  will  appear  from  the  following  com- 
parative statement. 

*  A  miztors  of  th»  kind  ia  the  baiif  of  tbo  matcbot,  now  generftlly  used  for  the  purpose  of  proeurinff 
insUnUoaoue  licbt.  The  bottle  ioto  which  tb«t]r  are  dipped,  coptaine  eoacentratod  Rulphurie  ari^ 
wbieh  is  prvvMtad  from  eacapios  bjr  a  quantity  of  finely  spun  class  Of  the  fibiw  of  amianthus- 

t  Oary. 
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Bbrehlorate* 


Ibdate. 


According  to  Davy^ 

Cl^Iorates  consist 


i>t  of  \  1 
(6 


atom  o/  metallic  base 
*'      "  chlorine 
atoms  ^^  oxygen. 

According  to  Oay-Lussac, 

!1  atom  of  ba^e 
cootisling  ot* 
]  atom  of  chloric 
acid 


1! 

S5  atoms  oxygen 
1 


1  atom  metal 
oxygen 


atom  chlorine. 

It  will  be  perceived  on  examining  these  statements^  that  the 
same  proportions  of  elements  are  assigned  by'both  philosophers 
to  the  chlorates,  and  that  the  only  difference  is  as  to  the  manner 
in  which  those  elements  are  arranged.     H.  1.  534. 

972.  When  chlorate  of  potassa  is  distilled  in  a  coated  glass 
retort,  it  fir^t  fuses,  and  on  a  farther  increase  of  temperature, 
yields  oxygen  gas  of  great  purity.  A  hundred  grains  afford  75 
cubic  inches  of  gas  (=  about  25^  grains)  containing  not  more 
than  3  per  cent,  of  nitrogen  gas. 

973.  Perchlorate  of  Potassa  may  be  formed  by  moistening 
one  part  of  chlorate  of  potassa  with  three  of  sulphuric  acid,  and 
carefully  heating  the  mass  till  it  becomes  white':  in  this  state  it 
consists  of  bisulphate  and  oxychlorate  of  potassa,  which  may 
be  separated  by  solution  and  crystallization,  the  former  being 
much  more  soluble  in  cold  water  than  the  latter  salt. 

Oxychlorate  of  potassa  does  not  change  vegetable  colours  It 
requires  more  than  50  parts  of  water  at  60^  for  its  solution. 
It  is  insoluble  in  alcohol.  It  crystallizes  in  elongated  octoe- 
drons.  When  mixed  with  its  own  weight  of  sulphuric  acid, 
and  distilled  at  2S0^,  solution  of  perchloric  acid  passes  over. 
It  may  be  decomposed  by  exposure  to  a  temperature  of  412^, 
oxygen  is  given. off,  and  chloride  of  potassium  remains.  It 
consists  of  one  proportional  of  perchloric  acid  and  one  propor- 
tional potassa.* 

974.  lodatt,  and  Hydriodaie  of  Potassa, — Both  these  salts 
are  formed  by  agitating  iodine  with  a  solution  of  potassa ;  water 
is^ decomposed,  and  gives  origin  to  a  very  soluble  hydriodate 
and  a  difficultly  soluble  iodate.  The  latter  may  be  purified  by 
being  washed  first  with  a  little  water,  and  afterwards  with  alco- 
hol sp.  gr.  ,820,  which  removes  the  hydriodate.  The  iodate 
remains  in  small  white  and  granular  crystals. 

When  projected  on  red-hoi  coals,  iodate  of  potassa  burns  like 
saltpetre ;  100  parts  heated  in  a  retort  give  22,59  oxygen  gas, 
and  77,41  iodide  of  potassium.  It  requires  for  solution  13^ 
parts  of  water  at  60^  Fahrenheit.  It  is  constituted  of  22,246 
poiassa  and  77,754  iodic  acid. 

975.  The  hydriodate  of  potassa  is  easily  made  by  neutraliz- 
ing hydriodic  acid  with  pure  potassa;  but  in  preparing  a  con- 
siderable quantity  of  the  salt  as  for  medical  use,  it  is  desira- 
ble to  dispense  with  the  preliminary  step  of  making  the  acid. 


♦  Brpmate  of  P^UtsOj  (340). 
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With  this  view  the  following  process  has  been  described  by  Dr 
Turner.* 

To  a  hot  »ola(ion  of  pnre  potatsa  add  av  much  iodine  as  it  is  capable  of  dit-  EMp. 
lolvint:,  a  deep  broirnish-red  coloured  fluid  will  be  forined,  consisting  of  the 
iodate  and  h^driodate  of  potasra  together  with  a  large  eicess  of  fr«?e  iodine. 
Transmit  a  current  of  sulphuretted  hjdrogen  through  the  solution  until  the  free 
iodine  and  iodic  acid  are  converted  into  hjdnodic  acid^  change!*  which  may  be 
known  to  be  accotupli^hed  by  the  liquid  becoming  quite  limpid  and  colourless. 
The  .'olullon  i«  then  gently  heated,  to  eipel  any  excess  of  sulphuretted  hydro- 
gen, and  after  being  filtered,  the  pure  hydriodio  acid  is  exactly  neutralized  by 
pur«  potassH, 

976.    Hydriodate   of   potassa   is   deliquescent,   and    conse*  Hydriodate. 
quently  very  soluble.     It  is  constituted  of  100  hydriodic  acid 
-f  37,426  potassa.     By  crystallization,  or  simple  desication,  it 
is  changed  into  iodide  of  potassium,  which  is  easily  fused  and 
volatilized  %vithout  change  at  a  red  heat.     H.  1.  538. 

977  Potassium  and. Hydrogen. — When  potassium  is  heated 
in  hydrogen,  it  absorbs  a  portion  cff  the  gas,  and  produces  a 
grey  and  highly  inflammable  hydruret.  When  hydrogen  and  Hydmrat. 
potassium  arc  passed  together  through  a  white  hot  tube,  the  gas 
dissolves  the  metal,  and  produces  a  spontaneously  inflammable 
potitssiuretied  hydrogen  ga^.  Both  these  compounds  are  usu- 
ally formed  during  the  operation  for  obtaining  potassium  by  the 
gun-barrel. 

978.  Nitrate  of  Potassa — Nitre — Saltpetre.-^This  salt  is  Nitrate. 
an  abundant  natural  product,  and  is  principally  brought  to  this 
country  from  the  East  Indies,  where  it  is  produced  by  Hxiviation 
from  certain  soils. 

The  rough  nitre  imported  from  the  East  Indies  is  in  broken 
crystals  of  a  brown  colour,  and  more  or  less  deliquescent:  exclu« 
sive  of  other  impurities,  it  often  contains  a  y^ry  considerable 
proportion  of  common  salt,  which  reacting  upon  the  nitre, 
induces  the  production  of  nitrate  of  soda  and  chloride  of  potas- 
sium. 

979.  In  Germany  and  France  it  is  artificially  produced  in  Artificial  no- 
what  are  termed  nitre-beds.  Thenardt  has  described  the  French  Jj^^*"***  ■*" 
process  at  length.     It  consists  in  lixiviating  old  plaster  rubbish, 

which  when  rich  in  nitre,  afibrds  about  five  per  cent*  Refuse 
animal  and  vegetable  matter  which  has  putrefied  in  contact  with 
calcareous  soils  produces  nitrate  of  lime,  which  afibrds  nitre  by 
mixture  with  subcarbonate  of  potassa.  In  the  same  way  it  is 
abundantly  produced  in  some  parts  of  Spain.  Exudations  con- 
taining saltpetre  are  not  uncommon  upon  new  walls,  where  it 
appears  to  arise  from  the  decomposition  of  animal  matter  con* 
tained  in  the  mortar.  It  was  long  ago  shown  by  Glauber,  that 
a  vault  plastered  over  with  a  mixture  of  lime,  wood-ashes,  and 
cows'  dung,  soon  becomes  covered  with  efSorescent  nitre,  and 
that  after  some  months,  the  materials  yield,  on  Hxiviation,  a 
eonsiderable  proportion  of  that  salt. 


*  KdiK,  Med.  trnd  Surg.  Jomr,  July,  182S.  f  Traiti  dt  ChfmU  Elimentairt^  Tom*  ii.  p.51L 

34 


966*  Nitrate  of  Potassa.  chap.  it. 

Chftractwi.  Nitre  crystallizes  in  six-sided  prisms,  usually  terminated  by 
dihedral  summits:  it  dissolves  in  7  parts  of  water  at  60^  and  in 
its  own  weight  at  212^.  Its  taste  is  coolings  and  peculiar.  It 
consists  of  one  proportional  of  acid  ss  54  +  one  proportional  of 
potassa  =  48. 

Bflbetofbett.  980.  When  exposed  to  a  white  heat,  nitre  is  decomposed  into 
oxygen,  nitrogen,  and  dry  potassa.  By  distilling  it  in  an 
earthen  retort,  or  in  a  gun-barrel,  oxy&;en  gas  may  be  obtained 
in  great  abundance,  one  pound  of  nitre  yielding  about  12,000 
cubic  inches  of  sufiScient  purity  for  common  experiments,  but 
not  for  purposes  of  accuracy.  It  fuses  at  a  heat  below  redness, 
and  congeals  on  cooling  into  cakes  called  sal  prttneile. 

If  the  temperature  of  nitre  be  so  far  increased  as  to  allow  a 
portion  of  oxygen  to  escape,  the  remaining  salt,  as  Soheele  first 
observed,  remains  neutral,  and  in  this  state  it  has  been  consider- 
ed as  forming  a  nitrite  of  potassa, 

DeeompotAd  981.  Nitrc  IS  rapidly  decomposed  by  charcoal  at  a  red  heat, 
yc  vco  .  Tj,|g  lugy  |jg  shown  by  mixing  two  parts  of  powdered  nitre 
with  one  of  powdered  charcoal,  and  setting  fire  to  the  mixture 
in  an  iron  vessel  under  a  chimney. — If  excess  of  charcoal  be 
used,  the  results  are  carbonic  oxide  and  acid,  nitrogen,  and  sub- 
carbonate  of  potassa,  formerly  called  niirumjixum^  and  white 
flux. 

The  old  chemists  used  to  perform  this  detonation  in  retorts 
connected  with  capacious  receivers,  which  were  generally  blown 
to  pieces;  sometimes  they  succeeded  in  obtaining  a  little  acidu- 
lated water,  which  they  called  clyssus  of  nilrey  and  attributed 
to  it  wonderful  medical  virtues. 

aadbjiBi-  98^^  Nitrate  of  potassa  is  also  decomposed  by  sulphur,  with 
different  results,  according  to  the  temperature  and  proportions 
employed. 

2xp.  Mis  powdered  nitre  and  sulphur,  and  throw  the  roixtiire,  hy  a  little  at  a  time, 

into  a  red-hot  crucible^  The  rulphur  will  unite  with  the  oxjeeii  of  the  nitrio 
acid,  and  form  (ulphuric  acid  \  which,  combining  with  the  pota»«R,  will  afford 
sulphate  of  potaMa.  The  production  of  the  latter  ^^hIi  will  be  proved  bj  di9- 
Bolyin^  the  tua»  remaiiiins;  in  the  crncible,  and  crj»tailizin^,  when  a  salt  will  be 
obtained  exhibitinK  the  characters  of  the  f^ulphaie. 

Szp.  Mix  a  portion  of  sulphur  with  one  Hxth  or  one  eighth  its  weight  of  nitrate  nf 

p^tataa*.  put  th«  mixturt*  into  a  tin  cnp;  and  raii^e  it,  by  a  prop*-r  »tand,  (6|r* 
36<,)  a  few  inches  above  the  »nrface  of  water,  contained  in  h  flat  "hallow  dirh. 
fiet  fire  to  the  mixture,  and  cover  it  with  a  bell-shaped  rtoeiver.  In  this  care 
aho,  fulphnric  acid  Hill  be  formed;  but  it  will  not  combine,  a*  before,  with 
liie  alkali  of  thn  nitre,  which  alkali  i*;  present  in  sufficient  quantify  to  absorb 
only  a  part  of  the  acid  produced.  The  greater  part  of  the  acid  wilj  be  con- 
densed on  the  inner  surface  of  the  glav*  hell,  and  b>  the  water,  which  »vill  thus 
become  inteii-ely  acid  The  operation  may  b»*  repeated  thrte  or  four  tinier, 
Uf>in^  the  same  portion  of  water.  When  the  water  is  partly  expelled,  by 
evaporation  in  a  gla»»  di»h,  coDcentrated  aulphuric  acid  reniainn      H. 

When  phosphorus  is  thrown  upon  nitre,  and  inflamed,  a  vivid 
combustion  ensues,  and  a  phosphate  of  potassa  is  formed.  SuU 
phur  sprinkled  upon  hot  nitre  burns,  and  produces  a  mixture  of 
sulphate  and  sulphite  of  potassa.  This  salt  used  formerly  to  be 
employed  in  medicine,  under  the  name  of  Glaser^s  polychrest 
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salt.  Most  of  the  metals,  when  in  filings  or  powder,  detonatb 
and  burn  when  thrown  on  red->>hot  nilre ;  some  of  the  more  in- 
flammable metals  produce  in  this  way  a  considerable  explosion. 

983.  A  mixture  of  three  parts  of  nitre,  two  of  dry  subcar-  FninuauiDi 
bonate  of  potassa,  and  one  of  sulphur,  forms  fulminating  pow^  powd«r. 
der.     If  a  little  of  this  compound  be  heated  upon  a  metallic 

plate,  it  blackens,  fuses,  and  explodes  with  much  violence,  in 
conisequence  of  the  rapid  action  of  the  sulphur  upon  the  nitre. 

984.  Gunpowder  consists  of  a  very  intimate  mixture  of  nitre,  cunpowd^. 
sulphur,  and  charcoal.     The  proportions  vary.*    The  following 

are  those  usually  employed  : 

Common  Sboolinf  Shootibg  Minerf 

Gunpowder.         powder.  powder.  powder. 

Saltpetre     .  .     75,0  78  76  65 

Charcoal     .  .     12,5  12  15  15 

Sulphur      .  .     12,5  10  9  20 

The  latter  contains  the  smallest  quantity  of  saltpetre,  as  it 
requires  less  quickness  or  strength.  The  ingredients  are  per-- 
fectly  mixed,  moistened,  beaten  into  a  cake  which  is  afterwards 
broken  up,  granulated,  dried,  and  for  the  finest  powder  polished 
by  attrition.  The  violence  of  the  6xploi«ion  of  gunpowder 
depends  upon  the  sudden  production  of  gaseous  matter,  result- 
ing from  the  action  of  the  combustibles  upon  the  nitre.  Car- 
bonic oxide,  carbonic  acid,  nitrogen,  and  sulphurous  arid,  are 
the  principal  gaseous  results  *,  and  the  solid  residue  consists  of 
8ub-carbonate,  sulphate,  and  sulphuret  of  potassa,  and  charcoal.* 

Gunpowder  may  be  inflamed  by  a  violent  blow  ;  if  mixed 
with  powdered  glass,  or  any  other  harder  .substance,  and  struck 
with  a  heavy  hammer  upon  an  anvil,  it  almost  always  explodes.t 

^^5,  Potassium  and  Sulphur. X^--}^ hen  potassium  is  fused 
with  sulphur,  in  a  vessel  filled  with  the  vapour  of  na|  htha,  a 
rapid  combination  ensues,  accompanied  with  heat  and  light,  and 
a  disengagement  of  sulphuretted  hydrogen.  The  result  js  a  8:rey 
sulphuret  o/ potassium  not  unlike  arlificial  sulphuret  of  iron,  guiphu^i. 
Its  formation  and  properties  have  beei>  investigated  by  v  auque- 
lin.§ 

986.  Sulphuret  of  potassium  has,  when  moistened, a  disas^reea- 
ble  smell,  and  an  ofiensive  taste.  It  is  very  soluble  in  water, 
and  the  solution  blackens  the  skin,  and  turns  syrup  of  violets 
green,  like  an  alkali.     All  acids,  even  the  weakest,  precipitate 

*  Gruiokchaok*,  M'iekoUon't  JoitniaZ,  it. 

t  Iron  bna  been  excluded  iron  powder  mills  as  tnbject  to  cauae  tpnrks  by  a  blow,  and  bran  and 
copper  bave  been  ufed  in  its  place-    It  has  been  found  by  Col.  Aubert  that  brass  on  brass  cau  inflame 
gunpowder,  as  also  iron  against  iron ;  iron  against  brass,  iron  against  marble ;  lead  agaioet  i«ad  or    • 
against  wood  when  the  blow  is  produced  by  a  leaden  ball  shot  from  a  fire  arm.    The  blow  of  an  iron 
habuaor  against  lead  or  wood  has  not  as  yet  inflamed  po^dcv  ^'B%U.  Vniv 

X  Bromine  and  Potassium''— The  bromuret  of  potassium  may  be  obtained  in  cubic  cryitals  from 

the  bydro-bromate  of  potassa  by  evaporation,  and  was  found  by  M.  Balard  to  consist  of 

Bromine    -    -------    65,56 

PoUssiom      -    .    .    -    .  34,44 

$  Aim.  d€  Ckim,  $t  ds  PAys  vi.  SS. 
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sulphur  from  it,  and  the  stronger  acids,  when  previously  diluted, 
occasion  a  disengagement  of  sulphuretted  hydrogen  gas.  The 
solution  absorbs  oxygen  gas  and  has  been  employed  in  eudi* 
ometry.  According  to  Vauquelin  100  of  potassa  unite  with 
111,5  of  sulphur  Berzelius  finds  that  100  parts  of  the  carbo- 
nate absorb  !^3,9  parts  of  sulphur.* 

937.  Hi/drO'St^lphuret  qf  pola^sa  may  be  formed  by  trans- 
mitting a  current  of  sulphuretted  hydrogen  gas  through  liquid 
hydrate  of  potassa,  which  acquires  a  yellow  colour,  and  an 
offensive  smell.  It  forms  large  transparent  crystals,  not  unlike 
those  of  sulphate  of  soda,  but  having  the  shape  of  four-sided 
prisms  acuminated  with  four  planes,  or  six-sided  prisms  acumi- 
nated with  six  planes.  It  is  deliquescent,  and  runs  into  a  thick 
syrupy  liquor,  which  gives  a  green  colour  to  the  skin.  It  dis- 
solves readily  in  water  and  alcohol,  with  a  production  of  cold. 
On  adding  any  diluted  acid,  abundance  of  sulphuretted  hydro- 
gen is  disengaged,  but  no  sulphur  is  deposited. 

988.  Hydroguretted  sulphuret  of  potassa  may  be  formed 
by  boiling  flowers  pf  sulphur  in  liquid  hydrate  of  potassa,  or  by 
digesting  sulphur  with  the  liquid  hydro-suiphuret.  The  result- 
ing product  may  be  considered  as  a  compound  of  bi-sulphuret- 
led  hydrogen  with  potassa,  in  proportions  not  yet  ascertained. 
By  mere  solution  in  water,  the  sulphuret  of  potassa  is  partly 
changed  into  this  substance.  According  to  Proust,  red  oxide 
of  mercury,  digested  with  hydroguretted  sulphurets,  removes 
the  sulphuretted  hydrogen^  and  what  remains  is  a  pure  liquid 
sulphuret.     H.  1.  519. 

989.  Hyposulphite  of  Potassa. — ^l^his  salt  is  best  formed  by 
exposing  the  hydroguretted  sulphuret  to  the  atmosphere,  till  it 
has  lost  its  colour,  after  which,  on  evaporation,  it  crystallizes  \a 
the  form  of  fine  needles  ;  or  by  decomposing  hydro-sulphuret, 
or  hydroguretted  sulphuret  of  potassa  by  sulphurous  acid.  The 
salt  has  a  taste,  at  first,  not  unlike  that  of  nitre,  succeeded  by 
bitterness,  and  it  is  deliquesce  .t.  When  carefully  dried,  it 
takes  fire  on  raising  the  heat,  and  burns  somewhat  like  tinder, 
but  with  a  feeble  blue  flame.  It  dissolves  chloride  of  silver, 
even  when  very  dilute,  with  great  readiness. 

990.  Sulphite  of  Potassa  is  formed  foy  passing  sulphurous 
acid  into  a  solution  of  carbonate  of  potassa  till  all  effervescence 
ceases,  and  evaporating  out  of  \he  contact  of  air.  Rhomboidal 
plates  are  obtained,  white,  of  a  sulphurous  taste,  and  very  soluble. 
By  ex po.su re  to  air,  they  pass  into  sulphate  of  potassa. 

From  Dr  Thomson's  analysis  it  is  constituted  in  1 00  parts,  of 
2  water  +  54,5  base  -f-  43,5  acid  ;  or  100  of  sulphurous  acid 
unite  with  150  of  potash. 

991.  Sulphate  of  Potassa  may  be  formed  by  saturating  car- 
bonate of  potassa,  with  sulphuric  acid,  and  crystallizing  the  solu- 


■I 


*  0ers«l)Ut  baa  described  four  other  coin|ioandt  which  h«  obtained  bj  ifnitiqg  carlwnate  of  potam 
with  difl«rent  pru|K}rtiQ08  gf  lulphar.  Tbcw  ace  compoead  of  1  atom  polaMiuaitoS,3, 4aiid^ 
«tom«  of  fttlittMtf  % 
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tion.  It  is  a  refuse  product  also  of  several  chemical  operations 
carried  on  upon  a  larg^e  scale  in  the  processes  of  the  arts.  It  is 
the  sal  de  duobus  of  the  old-  chemists  :  the  poiassm  sulphas  character*, 
of  the  U.  S.  Pharmacopoeia,  Its  taste  is  bitter.  It  crystallizes 
in  short  six-sided  prisms,  terminated  by  six-sided  pyramids. 
The  body  of  the  prism  is  often  wanting  and  the  triangular-faced 
dodecaeJrou  results.  This  salt  dissolves  in  16  parts  of  cold, 
and  5  of  boiling  water,  and  in.  consequence  of  its  difficult  solu- 
bility, it  is  thrown  dcwn  in  a  white  granular  powder  when  sul- 
phuric acid  is  added  to  a  moderately  strong  solution  of  potassa. 
Exposed  to  a  red  heat  it  melis,  but  is  not  decomposed. 

992.  Sulphate  of  potassa  is  decomposed  at  high  temperatures,  Decompoii- 
by  charcoal.  Mix  any  quantity  of  the  salt  with  one  fifth  of  its  ****"* 
weight  of  charcoal  finely  ])Owdered,  and  expose  the  mixture,  in 
a  crucible,  to  a  strong  heat.  The  carbon  will  unite  With  the 
oxygen  of  the  sulphuric  acid,  and  escape  in  the  state  of  carbonic 
acid  gas.  What  remains  is  a  compound  of  sulphur  and  poias* 
sium.     Sulphate  of  potassa  consist  of 

1  proportional  of  acid       =  40 
1  ____    potafsase  48 

88 

993^  Bi'Sulphate  or  Super  sulphate  of  Potassa  is  formed  by  W-toiphate. 
adding  sulphuric  acid  to  a  hot  solution  of  sulphate  of  potassa, 
or  by  boiling  sulphate  of  potassa  with  sulphuric  acid.     The  first 
crystals  which  form  are  in  delicate  needles  of  an  acid  taste^ 
soluble  in  2  parts  of  water  at  60^,  and  consists  of 

S  proportionals  of  acid       =  80 
1  ■     potassa  sr  48 

lis 
Bi-sulphate  of  Potassa  is  also  formed  in  the  distillation  of 
equal  parts  of  nitre  and  sulphuric  acid :  nitric  acid  passes  over, 
and  a  residuary  bi-sulphate  of  potassa  is  produced,  commonly 
known  under  the  name  of  sal  enixum.  It  is  the  arcanum  saienixiiM. 
duplicatuni,  or  panacea  Holsatica  of  old  pharmaceutists.  It 
is  used  for  cleansing  coin  and  other  works  in  metal  ^  and  has  a 
place  in  the  London  Pharmacopoeia.^ 

*  The  following  diagram  will  illustrate  the  formation  of  tliis  salt,  and  of  liquid  nitric  acid|  in  tbe 
distilUttiun  of  two  proportionals  of  sulphuric  acid  with  one  of  nitre : 

1  Liquid  Nitric  Acid  s=78. 


S  Liquid  Soi- 
piiunc  Acid 
b96. 


3  Wat«r 
sl8 


1  Dry 

Nitric  Acid 

=s54,0 


9  Dry 

Sulphuric  Acid 
a  80. 


1  Potassa 
s48. 


1  Nitrate  oC 
Potassa  = 
108. 


1  Bisulphate  of  Potassa  SB  1S8. 
Ph»»pkMret  of  potastimm  is  a  brown  compooBd,  which  rapidly  dceompote*  water,  prodliciof* 
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Carbonate  of  994.  Potossa  and  Curbonic  Acid. — The  carbonate  and  fhe 
poteMa.  bicarbonaie  of  potassa  have  been  lon^  used  and  kuown  under 
various  names — such  as  fixed  nitre,  salt  .of  tartar ^  salt  of 
wormwood^  vegetable  alkali^  fyc.  Their  composition  was  first 
ascertained  by  Black.  Bergman,  in  1774,  described  their  most 
essential  properties.* 

995.  Carbonate  of  Potassa  is  a  salt  of  great  importance  in 
many  arts  and  manufactures,  and  is  known  in  commerce  in  dif- 
ferent states  of  purity,  under  the  names  of  wood-ashy  pot-ash^ 
and  pearl-ash  It  is  the  subcarbonate  of  potassa  of  the  U.  S. 
Pharmacopoeia. 

Kip.  The  simplest  mode  of  showing  the  abporpfion  of  carbonic  acid  by  potassa, 

it  the  foUowinic :  Fill  a  coiiiiiion  phial  with  CBrbonic  acid  gas  over  water ;  and 
when  full,  stop  it  by  applying  the  thumb.  Then  invert  the  battle  in  a  sofution 
of  pur«r  pota^^a  contained  in  a  cup,  and  rather  exceeding  in  quantity  what  it 
lufficient  to  fill  the  bottle.  The  solution  will  ri*'e  into  the  bottle,  and  if  the  gat 
be  pure,  will  fill  it  entirely.  Pour  out  the  alkaline  liquor,  fill  the  bottle  with 
water,  and  again  displace  it  bv  the  gas.  Procred  as  before,  and  repeat  the 
process  te-veral  times.  It  will  be  found,  that  the  solution  will  condense  many 
1imef«  \U  bulk  of  the  gas ;  whereas  water  combines  only  with  its  own  volume. 

Ezpb  This  ex|)eriment  may  be  made  in  a  much  more  fttrikin«c  manner,  over  mercury, 

by  f)a*>&iiif;  utto  a  jar,  about  three  fourths  filled  with  tliis  ga?,  a  comparatively 
tmoll  bulk  of  a  solution  of  pure  potasi^a,  which  will  condense  the  whole  of  a 
larire  quantity  of  the  gtif.  Lf  dry  hydrate  of  pota»*>a  be  substituted  in  thit 
experiment,  no  change  will  eusue ;  which  proves  that  solution  is  es^etitial  to  the 
action  of  <tlkalies  on  this  gat.  A  solution  of  potassa,  which  has  condensed  all 
the  carbonic  acid  it  is  capable  of  absorbing,  when  evapor»ted  to  dryness,  aflbrdt 
sub-carbonaUy  or,  more  properly*,  carbonaie  of  potatta,     H^  1.  &41. 

996.  This  salt  is  fusible  without  decomposition,  at  a  red  heat: 
it  is  very  soluble  in  water,  and  deliquesces  by  exposure  to  air, 
forming  a  dense  solution,  once  called  oil  of  tartar  per  deli" 
guium.     Its  taste  is  alkaline,  and  it  renders  vegetable  blues 

phosphurettcd  hydrogen  gas,  and  hvdropbosphoret  of  potassa.  It  is  formed  by  cautiously  lieatinf 
potassium  with  phosphorJif  nut  of  the  contact  of  air. 

Hapop&o^hite  of  Potassa  hai  been  examined  by  Dulong.  It  is  very  dcllqueicent,  and  aolublo  in 
water  and  alcohol  nearly  in  all  propiirtions.  When  heated  it  evolves  pbospbutettod  hydrogen  and 
photphoruSf  and  is  converted  into  phosphate  of  |iotas«a.t 

Pkosphiu.  of  Potasta  is  a  soluble  deliquescent  uncrystallizable  salt,  not  hitherto  accurately 
ezaminod. 

Phosphate  of  Potassa  may  be  obtainr*d  by  neatraliztng  a  solution  of  carbonate  of  potassa  with 
phosphoric  arid,  concentrating  the  solution,  and  setting  it  a<ide  for  some  days  to  crystallize^  It  is  a 
compound  of  1  atom  phosphoric  acid,  1  atom  potassa  and  1  atom  of  water. 

This  phosphate  has  little  taste.  By  the  action  of  heat  it  uiulergot^s  the  igneous  fbsion.  The  vege- 
lablf:  grains  belonging  to  the  cerealia  contain  a  small  quaniity  of  the  salt.    B-  1-  547. 

Smbphotpkate  of  /'olas«a.—- When  phosphate  of  pota^a  is  fused  ia  a  platinum  crucible  with  potassa 

it  is  converted  into  ftubphopphnte  of  potassa,  which  is  insoluble  in  cold,  and  very  difficultly  soluble  la 

hot  water.    It  i»  fusible  before  the  blow-pipe,  yielding  a  globule,  opaque  when  cold,  but  transparent 

xiirilst  in  fusion.    The  tlieorctical  composition  of  this  salt  is 

S  proportionals  of  pota«a  s=:  M 
1 acid       =  28 

134 

Sitperphosphate  or  liipkosphate  of  potassa  u  formed  by  dissolving  the  neutral  phospltate  in  pho^ 
phoric  acid  and  evaporatWig  till  crystals  are  obtained,  which  are  prismatic  and  very  soluble. 
*  Opvseulaj  vol.  ii  p.  13.  t  ^^nnaUs  deK'him.  ttt  Phps.  ii.  14S 

t  T    First  PriHcipUsj  ii  HS^ 
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green.  Its  composition  is  differently  stated  by  different  chem- 
ists. 

Acid.  Bue. 

According  to  Daltofi  100  grs.  consist  of  31,10  .     .  .  68,9                  Corapositioa. 

Dulonief 30,70  .     .  .  69,30 

pr  Wollaston    ....    31,71  ..  .  68,29 

The  proportions  of  .31,71  to  68,89  agree  very  nearly  with  the 
notion,  that  the  carbonate  of  potassa  is  constituted  of  an  atom 
of  carbonic  acid,  weighing  22,  and  an  atom  of  potassa  weighing 
4S,  and  that  the  weight  of  its  atom  is  70.  According  to  Mr 
Philhps  the  crystallized  salt  contains  2  atoms  of  water.* 

The  solution  of  carbonate  of  potassa  will  be  found  to  have  a 
much  milder  taste  than  the  pure  alkali,  and  no  longer  to  destroy 
the  texture  of  woollen  cloth  ;  but  it  still  turns  to  green  the  blue 
infusion  of  vegetables. 

997.  For  experimental  purposes  carbonate  of  potassa  may  be  Howobtaja- 
obtained  from  crystals  of  tartar  (bi- tartrate  of  potassa)  calcined  ^' 

in  a  crucible;  then  lixiviated  with  water,  and  evaporated  to 
dryness.  By  this  treatment  the  salt  yields  about  one  third  its 
weight  of  dry  carbonate.  Or  the  tartar  may  be  mixed  with 
about  an  eighth  of  purified  nitrate  of  potassa,  and  wrapped  up 
in  a  paper  in  the  form  of  cones,  which  may  be  placed  on  an  iron 
dish,  and  set  on  fire.  The  residuary  mass  is  to  be  lixiviated, 
and  evaporated  as  befqre  directed.  Or  purified  nitrate  of  po- 
tassa may  be  mixed  with  a  fourth  of  its  weight  of  powdered 
charcoal,  and  projected  into  a  red-hot  crucible,  the  contents  of 
which  are  to  be  poured,  when  in  fusion,  into  an  iron  dish.  The 
carbonate,  thus  obtained,  amounts  to  rather  less  than  one  half 
the  nitre  which  has  been  employed.  Even  when  thus  pre- 
pared, it  is  apt  to  contain  some  impurities,  consisting  chiefly 
of  a  minute  proportion  of  sulphate  and  muriate  of  potassa,  with 
a  little  silica,  from  which  it  is  extremely  difficult  entirely  to  free 
it.  That  which  is  procured  from  burnt  tartar  may  be  made  to 
crystallize,  in  which  state  it  contains  20,60  per  cent,  of  water. 

998.  The  great  consumption  of  this  article  in  various  manu-  Booreesor 
factures  is  exclusively   supplied    by   the  combustion  of  vege-  p****^' 
tables,  and  consequently   its  production  is  almost  limited  to 

those  countries  which  require  clearing  of  timber,  or  where 
there  are  vast  natural  forests.  The  English  market  is  chiefly 
supplied  from  North  America.  If  any  vegetable  growing  in  a 
soil  not  impregnated  with  sea-salt  be  burned,  its  ashes  will  be 
found  alkaline  from  the  presence  of  carbonate  of  potassa.  If 
the  ashes  be  submitted  to  heat,  so  as  to  burn  away  the  carbo- 
naceous matter  entirely,  they  become  a  white  mass  generally 
termed  pearl-a^h. 

999.  In  the  state  of  union  with  carbonic  acid  potassa  generally  Metbo<io<'do 
occurs  in  the  arts.     The  potash  and  pcarlash  of  commerce  are  ^J^ihJ'of 
in  fact  carbonates  of  poiassa  of  different  degrees  of  purity.    The  csf**""*® 
quantity  of  carbonic  acic^  contained  in  these  alkalies,  may  be  *^'  * 
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or  detoetiog 
adulteration. 


learned  by  a  very  simple  experiment.  Put  one  or  two  hundred 
grains  of  the  alkali  into  a  Florence  flask,  and  add  a  few  ounce- 
measures  of  water.  Take  also  a  phial  tilled  with  dilute  sul- 
phuric acid,  and  place  this,  as  well  as  the  flask,  in  one  scale. 
Balance  the  two,  by  putting  weis^hts  into  the  opposite  scale, 
and,  when  the  equilibrium  is  attained,  pour  gradually  the  acid 
into  the  flask  of  alkali,  till  an  efiervescence  no  longer  ensues. 
When  this  has  ceased,  the  scale  containing  the  weights  will  be 
found  to  preponderate.  This  shows  that  the  alkali,  by  combi- 
nation with  an  acid,  loses  considerably  of  its  weight ;  and  the 
exact  amount  of  the.  loss  may  be  ascertained,  by  adding  weights 
to  the  scale  containing  the  flask  and  phial,  till  the  balance  is 
restored. 

1000.  Carbonate  of  potassa  dissolves  very  readily  in  water, 
which,  at  the  ordinary  temperature,  takes  up  more  than  its  own 
weight. — Hence,  when  an  alkali,  which  should  consist  almost 
entirely  of  carbonate  of  potassa,  is  adulterated,  as  very  often 
happens,  with  substances  of  little  solubility,  the  fraud  may  be 
detected  by  trying  how  much  of  one  ounce  will  dissolve  in  two 
or  three  ounce  measures  of  water.  In  this  way  may  be  detect- 
ed an  adulteration  of  one  third  its  weight  of  sulphate  of  potassa. 
There  are  certain  substances  of  ready  solubility,  however,  which 
may  be  used  in  adulterating  pearlashes,  as  common  salt  for  ex- 
ample; and,  when  this  is  done,  we  must  have  recotirse  to  an 
acid  test  for  the  means  of  discovery.* 


Vre*s  Alkali 
meter. 


*  Ad  'mstrument  called  an  Mkaliauier  is  sometimes  used,  the  following  is  ihe  method  of  using  that 
known  as  Dr  Uro's— 

Let  a  tube,  closed  at  one  end  and  of  about  three  fourths  of  an  inch  internal  diameter,  and  oina 
inches  and  a  half  in  length,  have  1000  grains  of  water  weighed  into  it ;  then  let  the  space  it  occMpiee 
be  graduated  into  100  equal  parts,  and  evurj  10  divisions  numbered  from  above  downwards.  At 
33,44  parts,  or  70,56  parts  from  the  bottom,  make  an  extra  lino  a  little  ou  one  side,  or  oven  on  the 
apposite  side  to  the  graduation,  and  write  at  it  with  a  seratehing  diamond  Soda ;  lower  down  at  48,90 
parts  make  another  line,  and  write  potassa:  still  lower  at  54,63  parts,  a  third  line  marked  ear^. 
soda  ;  and  at  65  parts  a  fourth,  marked  carb^potass*  It  will  be  observed  tlial  portions  are  measured 
oir,  beneath  these  marks,  in  the  inverse  order  of  the  equivalent  numbers  of  thrso  substances,  and 
consequently  directly  proportiontite  to  the  quantities  of  any  particular  acid,  which  will  neutralize 
equal  weights  of  the  alkalies  or  their  carbonates.  The  tobe  is  now  completed,  except  that  it  should 
Jw  observed  whether  the  aperture  can  bo  perfectly  and  securely  covered  by  the  thumb  of  the  loft  hand, 
and  if  not,  or  if  there  be  reason  to  think  it  not  ultimately  secure,  then  it  shouM  be  lieated  and  con- 
tracted until  sufficiently  small. 

Diluted  sulphuric  acid  must  now  be  prepared  to  be  used  with  the  tube.  When  of  a  specific  gravity 
of  1,197,  it  will  be  very  nearly,  if  not  accurately,  of  the  strength  required :  and  this  may  be  obtained 
by  mixing  19  parts  of  oil  of  vitriol  of  specific  gravity  1,649,  with  81  parts  of  water.  If,  when  cold, 
the  specific  gravity  of  this  diluted  acid  be  as  above  mentioned  1,127,  it  must  be  nearly,  if  not  exactly, 
of  the  strength  required  ;  but  before  being  admitted' into  use,  should  be  examined  experimentally. 
Assuming  it  however  as  being  absolutely  correct,  it  will  be  found  that  a  quantity  measured  into  the 
tube  up  to  any  one  of  the  four  marks  described,  is  sufficient  to  neutralize  100  grains  of  the  dry  alkali 
or  carbonate  sot  down  at  the  mark ;  consequently  if  water  be  added  in  the  tube,  thus  filled  up  to  any 
one  of  the  marks,  until  the  100  parts  are  full,  and  the  whole  uniformly  mixed  one  port  of  such  diluted 
acid  will  neutralize  one  grain  of  tho  alkali  or  carbonate  named  at  the  mark,  up  to  which  the  acid  of 
specific  gravity  1,]S7  was  first  filled. 

When  a  specimen  of  potassa,  or  barilla,  or  kelp,  is  to  be  examined  by  this  in.«tmment,  100  graiu 
are  to  be  weighed  out,  dissolved  in  warm  water,  filtered,  the  insoluble  portion  washed,  and  tlie  solution 
odded  to  the  rest ;  by  this  process  the  alkali  will  be  separated  from  carbonate  of  lime,  or  other, 
insoluble  matters,  which  otherwise  might  cause  errors  in  the  estimation.    Tho  alkaline  solution  ia  to 
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1001*  Bi'Carbonaie  of  Poiassa  is  formed  by  passing  a  cur-  BH:«ri>onat«. 
rent  of  carbonic  acid  into  a  solution  of  the  subcarbonate.  By 
evaporation,  crystals  are  obtained,  the  primary  form  of  which 
is  a  right  oblique-angled  prism.  Their  taste  is  only  slightly 
alkaline,  and  they  require  for  solution  four  parts  of  water  at 
60^.  Exposed  to  a  red  heat,  carbonic  acid  is  evolved,  and  car- 
bonate of  potassa  remains.     This  bi-carbonate  consists  of 

2  proportionals  of  carbonic  acid  =  44  •  CompcwtioB. 

1 ^  potasea,  =48 

92 

<        • 

1  ■  ■  - .. ^ 

be  put  ioto  a  basin  on  tbo  sand-bath,  and  then  the  tabe  and  acid  prepared'  For  thip  purpoae  some  of 
the  acid,  of  specific  ^avity  I.IST,  is  to  bo  poured  ijito  the  tolio  until  it  rises  up  to  the  mark  indicatinf 
the  substance  to  be  tested  for ;  potassa  or  carbonate  of  potassa  for.  the  potash  or  pearlash  of  com- 
meree,  and  soda  or  carbonate  of  soda  for  barilla  or  kelp :  then  water  is  to  be  added,  until  the  hundred  ^ 
parts  are  fiUad,  and  closing  the  tube  with  the  finger,  its  contents  are  to  be  perfectly  agitated  and 
nixed. 

The  alkali  in  the  basin  is  now  to  be  neutralised  with  the  acid  in  the  tube-  After  hating  once  placed 
the  thumb  of  the  left  hand  over  the  aperture  of  the  tube,  it  is  not  to  be  again  removed  ;  but  inverting 
the  tube  by  turning  the  hand  so  that  the  thumb  and  the  mouth  of  the  tube  are  downwards,  the  acid  ia 
to  be  let  out  gradually  into  the  alkaline  solution,  by  relaxing  the  thumb  and  admitting  a  snoeession 
of  small  bubbles  of  air  ;  the  hot  solution  beneath  is  to  be  continually  stirred,  so  as  to  mix  the  add 
instantly  with  the  whole,  and  the  operator  must  proceed  with  increased  caution  as  the  point  of 
neutralization  is  approached.  Very  small  quantities  of  the  acid  may  be  added,  by  slightly  relaxing 
the  rhumb  so  as  to  permit  a  minute  quantity,  less  than  a  drop,  lo  flow  to  its  extremity,  and  touching  it 
with  a  glass  rod ;  the  fiuul  adjustment  may  thus  bo  made  more  accurately,  than  by  dropping  the  add 
from  the  lip  of  the  tube.  Tlie  process  must  be  thus  carried  on,  until  the  alkali  is  found  by  the  teat 
papers  to  have  been  exactly  neutralized  :  tlien  the  tube  must  be  inverted,  the  thumb  removed,  drawing 
its  under  surface  over  the  edge  of  the  tube,  so  as  to  leave  as  mnrli  ss  possible  of  the  fluid  that  dther^ 
wise  might  adhere  to  it,  and  having  allowed  the  sides  to  drain,  it  must  be  observed  how  many  parta 
of  acid  have  been  used,  the  number  of  which  will  iodicato  the  number  of  grains  of  tha  alkali  or 
aarbuoate,  contained  in  the  100  grains  of  the  impure  alkali  operated  with* 

With  respect  to  the  proper  strength  of  the  acid  it  is  to  bo  examined  in  the  following  manner : 
crystals  of  bi-carbonate  of  potassa  are  to  be  fused  in  a  platinum  crucible,  the  fluid  poured  out  upon 
a  clean,  cold  metal  plate,  and  a  piooe  of  the  r^ulling  soKd,  estimated  (o  be  70,  80,  or  100  grains, 
weiglied  in  water;  in  this  %vay  a  known  weight  of  pure  carbonate  of  potasaa  will  be  obtained  in 
solution.  The  solution  is  then  to  be  diluted,  heated,  and  neutralized  by  add  from  the  tube  diluted  as 
before  described  from  the  mark  of  carbonate  of  potassa.  ff  it  be  found  tliat  as  many  parts  of  the 
acid  have  been  used  as  of  grains  of  the  carbonate  weighed  out,  tlie  acid  is  of  proper  strength :  if 
more  acid  has  been  used*  it  b  too  weak,  if  less  has  been  suflicient,  it  is  too  strong.  Suppose  for 
instance  that  100  grains  of  the  salt  (fused  carbonate  of  potassa)  had  been  used,  and  that  00  parta  of 
the  acid  wero  sufificient ;  then  these  00  parts  ought  to  have  occupied  the  100,  and  consequently  the  100 
parts  contain  1-lOth  too  much  acid,  in  consequence  of  the  experimental  acid  itself  containing  1-lOth 
mom  than  it  ought  to  do.    Hence  the  latter  rotist  be  diluted  with  such  a  quantity  of  water  as  wiU  • 

make  nine  volumes  in  ten,  or  by  l-9th  its  volume ;  for  as  the  90  parts  used  are  to  the  100  parta  they 
ought  to  have  occupied,  so  is  any  number  or  parts  b^  volume  of  the  acid  under  trial,  to  the  number  of 
parts  which  it  ought  to  occupy.  The  diflerence  between  the  two  last  numbora  will  give  the  quantity 
of  water  in  volumes,  to  be  added  to  the  acid  expressed  by  the  first  of  them,  in  order  to  correct  it  and 
make  it  of  propw  strength.  0|pi  the  contxaryi  if  it  wero  found  thai  the  100  parts  were  inaufllcient,  and 
that  10  parts  more  of  similar  acM  were  required,  then  there  is  too  much  water  by  l-llth  of  the  whole 
in  bulk,  which  would  be  corrected  by  adding  1-lOlh  of  the  35  parts ;  hence  0,7  parts  by  weight  of  the 
same  oil  of  Titriol  that  was  used  before,  must  be  added  for  every  35  parts  of  the  mixed  add.  The 
correction  in  any  other  case  may  be  easily  made  by  considering  that  the  number  of  parta  over  a  ^. 

bundved  which  are  necessary  to  saturate  the  100  grains  of  carbonate  of  potassa,  are  proportionate  to 
the  quantity  of  oil  of  vitriol  which  must  be  added  to  bring  the  experimental  add  to  proper  strength  : 
thus  if  136  parts  of  the  diluted  add  were  used,  then  3S-hundredths  more  of  the  weight  of  oil  of  vitriol 
already  need  most  bo  added ;  and  the  quantity  of  oil  of  vitriol  that  was  added  at  first  being  known 
to  be  l-^kh  by  weight,  the  additional  quantity  required  is  oasily  ascertained.  These  corrections  are 
not  strictly  accurate,  but  sufifleiently  so  to  meet  the  exaggerated  cases  but  of  a  difileronce  of  10  parta, 
and  to  bring  it  within  the  limit  of  errors  of  experiment. — Faraday's  Cktm,,  Jtflsitrp.  Sect.  xii. 

JPor  a  table  of  the  ingredients  ef  the  principal  varieties  of  potash  of  commerce,  see  Jlpptndix. 
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Cyanide  of  Potassa. 


eSAP.  IT. 


In  its  crystalline  form  it  contains  water  equal  to  one  pro- 
portional f  and^  therefore,  consists  of 
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101 

In  the  London  Pharmacopcsia  the  more  expensive  method 
of  obtaining  this  salt  by  the  action  of  carbonate  of  ammonia  on 
carbonate  of  potassa  is  resorted  to. 

1  he  tolluwing  propnrtioiiA  maj*  be  u^eci  for  the  preparntion  of  bi 'Carbonate  of 
pota^tH  upon  the  large  9cale :  100  lbs  of  purified  carbonite  of  pota<»a  are  di?« 
sohed  in  17  i(allon«  of  water,  which,  when  f>atiirafed  with  carbonic  acid,  jields 
from  28  to  30  lbs  of  crystallized  bi-carbonat«' ;  50  Ib»  of  carbonate  of  potassa 
are  then  added  ttt  the  mother  liquor,  with  a  sufficient  quantity  of  water  to  make 
up  17  gallon!!,  and  the  op^  ration  in  repeated. 

1002.  The  Bi'Carbonaie  of  Poiassa  differs  from  the  carbon- 
ate in  the  following  particulars : 

la  the  s;reater  mildness  of  its  taste.  Though  still  alkaline, 
yet  it  may  be  applied  to  the  tongue,  or  taken  into  the  stomach, 
without  exciting  any  of  that  burning  sensation,  which  is  occa- 
sioned by  the  carbonate. 

It  is  unchanged  by  exposure  to  the  atmosphere. 

It  assumes  the  shape  of  regular  crystals.  The  form  of  these 
crystals  is  a  four  sided  prism,  with  dihedral-triangular  summits, 
the  facets  of. which  correspond  with  the  solid  angles  of  the 
prism. 

It  requires,  for  solution,  four  times  its  weight  of  water  at  60^; 
and,  while  dissolving,  absorbs  caloric.  Boiling  water  dissolves 
five-sixths  of  its  weight;  but,  during  this  solution,  the  «alt  is 
partly  decomposed,  as  is  manifested  by  the  escape  of  carbonic 
acid  gas.  The  quantity  thus  separated  amounts,  according  to 
BerthoUet,  to  about  ^^th  the  weight  of  the  salt.  Dobereiner 
finds,  also,  that  the  crystals  when  dissoh*ed  in  the  smallest 
possible  quantity  of  water,  or  when  covered  with  water  and 
left  for  half  an  hour  in  a  vacuum,  lose  one  fourth  of  their  acid. 

By  calcination  in  a  low  red  heat,  the  portion  of  carbonic  acid, 
which  imparts  to  the  salt  its  characteristic  properties,  and  all  the 
water  are  expelled,  and  the  salt  returns  to  the  state  of  carbo- 
nate.* 

1003.  Bi-carhonate  of  potassa,  in  all  its  forms,  is  decomposed 
by  the  stron<j:er  acids;  as  the  sulphuric,  nitric,  and  muriatic, 
which  unite  with  the  alkali,  and  set  the  gas  at  liberty.  This 
may  be  shown  by  pouring  on 'the  carbonafe,  contained  in  a  gas 
bottle,  any  of  the  acids,  and  collecting  the  gas  by  a  proper 
apparatus      H    I*  546. 

100  4  Cyanide  of  Pofassium, — Potassiunv  heated  in  cyano- 
gen absorbs  the  gas,  and  produces  a  grey  cyanide  of  potassium^ 
which  by  the  action  of  water  becomes  hydrocyanaUof  potassa. 
This  sail  speedily  decomposes,  and  becomes  converted  into 
carbouic  acid  and  ammonia. 


^  Xhit  if  the  boft  method  qf  obtaining  pore  cacbonato  of  potaaia  for 
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1005.  Hydro-cyanate  qf  Poiassa  may  be  formed  by  the  RjdKMryu^ 
mixture  of  hydro-cyanic  acid,  and  liquid  hydrate  of  potassa.  ^* 

It  is  very  soluble,  is  alkaline  to  the  table,  and  turns  syrup  of 
violets  greeny  it  is  decomposed  by  the  weaker  acids,  even  by 
the  carbonic.  With  salts  having  protoxide  of  iron  for  a  base, 
it  gives  a  precipitate  which  is  at  first  orange  coloured,  and 
afterwards,  by  exposure  to  the  air,  changes  to  green  and  to  deep 
blue.  From  solutions  containing  peroxide  of  iron,  it  causes  « 
piale  blue  precipitate,  the  colour  oi  which  becomes  deeper  by 
exposure  to  air. 

1006.  FerrO'Cyanaie  of  Potassa. — When  the  salt  just  de-  Feno-cytn- 
scribed  is  digested  in  a  state  of  solution  with  protoxide  of  iron^  *^' 

a  portion  of  the  oxide  is  dissolved,  the  solution  becomes  yellow, 
and  on.  adding  more  hydro-cyanic  acid  is  rendered  neutral, 
crystallizable,  and  capable  of  resisting  decomposition  by  weak 
acids.  But  the  same  compound  may  be  better  formed  by 
digesting  Prussian  blue  in  fine  powder  with  liquid  hydrate  of 

Eotassa.  The  common  Prussian  blue  of  commerce  should  first 
e  heated  with  an  equal  weight  of  sulphuric  acid,  (diluted  with 
five  or  six  parts  of  water)  and  theti  be  washed  with  a  large 
quantity  of  distilled  water.  This  will  remove  the  alumina 
which  it  always  contains.  After  being  thus  purified,  it  may  be 
added  to  the  hydrate  of  patassa,  as  long  as  that  liquor  continues 
alkaline.  The  filtered  liquor,  when  evaporated  and  cooled, 
deposits  crystals,  which  are  quadrangular  prisms.  These  may 
be  purified  by  a  second  crystallization. 

1007.  The  ferro-cyanate  (formerly  called  triple  prussiate)  of  Propertiet. 
potassa  is  a  transparent  salt,  often  in  fine  large  crystals,  of  a 
lemon  yellow  colour.*     It  is  free  from  taste  and  smell.    Specific 
gravity  1,833.     Water  at'60°  F.  dissolves  nearly  one  third  of 

its  weight,  and  boiling  water  nearly  an  equal  weight  of  the  salt. 
When  heated,  it  loses  13  per  cent,  and  becomes  white,  but  does 
not  run  into  fusion,  or  undergo  decomposition.  Submitted  to 
a  still  higher  temperature  in  a  retort,  it  is  decomposed,  and 
yields  hydro-cyanic  acid  and  ammonia,  besides  carbonic  acid, 
carbonic  oxide  and  carburetted  hydrogen ;  and  a  residue  is  left, 
composed  of  charcoal,  metallic  iron,  and  potassa,  which  last  is  jd 

still  united  with  more  or  less  cyanogen.t 

1008.  Dilated  acids  have  little  action  on  f€|rro-cyanate  of  Action  of 
potassa,  except  with  the  aid  of  heat,  and  then  the  sulphuric,  ^***^' 
muriatic  and  even  the  acetic  disengage  a  certain  quantity  of 
hydrocyanic  acid,  and  occasion  a  white  precipitate,  the  natqre 

of  which  is  not  understood.  Red  oxide  of  mercury  digested 
with  a  solution  of  the  salt,  decomposes  it,  and  gives  rise  to  the 
formation  of  cyanide  of  mercury,  and  to  the  disengagement  of 
free  alkali^  and  of  peroxide  of  iron  attached  to  a  little  acid. 

■      '^     '■         ■■■I..  I     .    -     ■■  I  .—.I  ..     1.      ■  ...^ 

*  Tha  iMtbamatical  form  has  Imm  dMcribed  bj  Mr  Brookf  ia  Ann,  PhUot,  K.  8  Ti.  41,  ud  bj 
Mr  Levy  in  QumrL  Jour.  xv.  888w 
t  flw  BobiqiMt  m  Amn.  d»  Ckim.  H  4»  Pkft»  xtiu  90S. 
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Sulphocyahaie  of  Potassa, 


CHAF.  vr* 


itfttlym: 


1009.  The  solution  of  ferro-cyanate  of  potassa  is  not  precipi- 
tated by  alkalies^  or  by  alkaline  salts,  but  is  decomposed  by 
some  of  the  earthy,  and  by  almost  all  the  metallic  salts.* 

1010.  The  ferro-cyanate  of  potassa  has  been  analyzed  by 
Berzelius,  who  decomposed  it  by  heating  it  with  peroxide  of 
copper,  and  obtained  carbonic  acid  and  azotic  gases,  in  *V.e 
proportions  in  which  they  are  evolved  by  the  decomposition  of 
cyanogen,  viz.  2  volumes  of  the  former  and  one  of  the  latter. 
Hence  he  considers  it  as  a  cyanide,  and  not  a  prussiate,  and 
deduces  its  composition  to  be  two  atoms  of  cyanide  of  potas- 
sium-fl  atom  of  cyanide  of  iron.  According  to  Mr  Porrett 
its  composition  is 


1 

*      Atoms. 

Atoms. 

PotaMa    40,34    . 

.      I 

Aiote     .    11,76     . 

.      I 

Iron         11,76    . 

.     i 

Hydrogen      ,r>4    . 

.      1 

Carbon    20,17    . 

.    4 

Water   .     15,13     , 

,    i    2 

Salphoeymn' 
ate  of  poUa 


•d. 


nV 


-— forroing^  1  atom  of  ferro-cjaoic  acid.     H.  1.  553.t 

1011.  Sulphocyanate  of  potassa  is  prepared  by  heating  the 
ferrocyanate  with  sulphur,  a  process  first  proposed  by  Grotthus, 
and  since  modified  by  M.  Vogel  and  Dr  Turner.  The  most 
convenient  method  is  to  mix  the  ferro-cyanate,  in  fine  powder, 
with  an  equal  weight  of  sulphur,  and  to  place  the  mixture, 
contained  in  a  porcelain  capsule,  just  above  a  pan  of  burning 
charcoal,  so  that  it  may  be  exposed  to  a  very  strong  heat,  but 
short  of  redness.  The  mixture  is  speedily  fused,  takes  fire  and 
burns  briskly  for  one  or  two  minutes,  during  which  it  should 

how  obiain-  be  Well  Stirred.  The  combustion  then  ceases  spontaneously, 
and  the  dark  coloured  residue,  consisting  of  unburned  sulphur, 
sulphocyanuret  of  potassium,  and  sulphuret  of  iron,  on  beio^ 
dissolved  in  water  and  filtered,  yields  a  very  pure  and  neutral 
sulpho-cyanate  of  potassa.  To  insure  the  decomposition  of  all 
the  ferro-cyanate  of  potassa,  the  mass  may  be  allowed  to  remain 
in  a  fused  condition  for  a  few  minutes  after  the  combustion  has 
ceased,  previous  to  withdrawing  it  from  the  fire. 

1012.  In  this  process  the  iron  and  cyanogen  of  the  ferro- 
cyanate  combine  with  separate  portions  of  sulphur,  forming  a 
sulphuret  of  iron  and  a  sulphuret  of  cyanogen,  the  latter  of 

^  which  unites  with  potassium.      On  the  addition  of  water,  a 

portion  of  that  liquid  is  decomposed,  and  the  sulphocyanate  of 
potassa  is  generated. 

Compoakioo.  1013.  The  sulphocysnatc  of  potassa  contains  one  atom  of  the 
.  acid  and  one  atom  of  the  oxide.  The  salt  exists  only  in  a  liquid 
'  state  for  the  crystals  which  are  deposited  from  a  concentrated 
solution,  when  separated  from  the  adhering  moisture  by  bibu- 
lous paper  do  not  contain  either  water  or  its  elements,  but  are 
a  pure  sulphocyanuret  of  potassium.  The  crystals  are  very 
deliquescent  on  exposure  to  the  air,  and  dissolve  freely  in  water, 

*  For  a  table  of  the  ooloati  of  proctpttatea  from  TarioQi  solutioiM,  both  by  ifae  feno-cyanata  aod 
hydro-cyauBto  of  potaMa,  see  Appendix. 

t  Aceordin;  to  Mr  Pliillipii,  {Fhil.  Mag:  N.  8.  1. 110)  it  ia  compoaed  of  6  a^roa  eaiboD|  3  asote,  3 
by4ros*^n,  1  oxyfca  aad  1  iioa  furioiiig  1  atom  of  f«rro<«yamc  acid ;  aod  S  atoua  potaaM* 
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yielding  a  solution  which  is  quite  neutral.     In  form^  taste  and 
fusibility,  they  are  very  analogous  to  nitre. 

1014.  The  sulphocyanate  of  potassa  is  employed  in  preparing  \]mi%. 
the  sulphocyanic  acid,  and  as  a  test  for  detecting  the  presence 

of  the  peroxide  of  iron.* 

1015.  Sub'borate  ofpoiassa  is  a  salt  which  has  been  scarcely  8ub*bonte. 
examined ;  it  may  be  formed  by  the  direct  combination  of  liquid 
hydrate  of  potassa  with  boracic  acid,  or  by  exposing  a  mixture 

of  boracic  acid  and  nitre  to  a  bright  red  heat.t 

1016.  The  salts  of  potassium  are  soluble  in  water,  and  afford  PropertiMof 
no  precipitates  with  pure  or  carbonated  alkalies.     They  produce  **'*tJ[J-^„"/ 
a  precipitate  in  muriate  of  platinum,  which  is  a  triple  coippound 

of  potassa,  oxide  of  platinum,  and  muriatic  acid.  They  are  not 
changed  by  sulphuretted  hydrogen,  nor  by  ferro-prussiate  of 
potassa.  Added  to  sulphate  of  alumina,  they  enable  it  to  crys-* 
tallize,  so  as  to  form  alum.  ^ 

1017.  •SUoys   of  Potassium. — Potassium   combines  with  aiio^>. 
several  of  the  metals,  forming  alloys  which  are  decomposed 

by  water,  its  oxygen  uniting  with  the  potassium  and  forming 
potassa,  while  its  hydrogen  is  disengaged  and  the  other  metal  ^ 

precipitated.  Several  of  these  alloys  have  been  described  by 
M.  Serullas  in  the  Annates  de  Chimie  et  Physique.X  An  alloy 
of  potassium  and  antimony  may  be  obtained  by  the  following 
process. 

One  hundred  grains  of  emetic  tartar  {antimonium  lartarizatum  U,  S.  Phar^ 
macopetia)  are  (o  be  mixed,  by  CBrefcil  rubhincr,  with  3  grain*  of  lanip*black 
or  common  charcoal.  Select  crucibJe«*  holding  75  or  BO  ^rainf,  which  aiu«t  not 
be  uiore  than  tiirfe-quarteri  filled,  make  the  upper  edge  tuiooth,  and  rub  the 
whole  in»i(Je  with  charcoal  powder,  that  the  mixture  may  nut  adhere  to  the 
■ider.  The  uftterials  are  to  be  placed  in  the  crucible,  and  covered  with  char- 
coal powder ;  the  cover  is  then  to  be  carefully  luted  on.  Place  the  crucible 
in  a  furnace  and  expose  it  to  a  bri}{ht  red  heat,  for  three  hours,  then  set  it  by 
for  fix  hourt  to  cool.  This  time  is  required  to  allow  the  air,  which  always 
penetrates  more  or  less  into  Hie  crucible,  to  burn  the  exterior  layer  of  the 
mass;  if  withdrawn  too  soon  from  the  fire  it  always  explodes  spontaneously. 
After  it  has  been  cooled,  the  cover  of  the  crucible  may  be  removed,  and  the 
calcined  mass  should,  without  loss  of  time,  and  without  breaking  up,  be  intro- 
duced into  a  wide  mouthed  bottle*  which  should  be  carefully  closed  with  a 
ground  stopper.  The  maks  gradually  splits  into  ffiigmeuts  of  different  sixes,  and 
iu  this  state  will  preserve  if«  properties  for  years.} 

1018.  When  this  alloy  has  been  well  prepared  it  is  extremely  Detonatwa 
fulminating,  so  as  to  detonate  with  a  report  like  fire-arms,  by  «»»^wai«. 
the  first  contact  of  water. 

1019.  With  this  substance  gun-powder  may  be  fired  under  inHamminin- 
water.     The  experiment  was  made  in  the.  following  manner:  J^^JJl-t"'"***' 

Half  an  ounce  of  gun^powder  was  put  into  a  strong  glass  tube  closed  at  one  „ 
end,  of  which  the  powder  filled  about  one  quarter.    A  piece  of  the  fulminating     *^' 

*  Tmmer.  •■ 

t  Selenic  aeid  is  capable  of  UDitinf  with  potassa  in  three  dilTerent  proportiona,  and  of  compoaiog 
•ither  a  aeleniata,  binolcfiiate.  or  quadriseleaiatef  but  these  salts  are  unt  of  luuch  iDportajice— tiee 
Beneliiw's  paper  iu  Aiol.  de  Ckim.  tt  d§  PAys.  ix.  337. 

X  Soe  abo  BoeUn  Journal  #/  PkiUe-  ii«  61. 

^  This  alloy  may  ako  be  obtaiaod  by  beatiof  sqoal  parta  uf  potaasa  and  metaliic  aaliaaoay .— wfaitfr. 
Jifur*  of  SeUmoct  %ia. 
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alloy  of  the  »ize  of  a  pea,  wa^  laid  upon  the  powder.  The  tube  hbs  inimedi- 
atelj  closed  with  a  cork  wihch  had  bfeu  prt:vioii»]y  perforaftd  wth  a  f^tiiuM 
bole.  Mopped  for  the  prevent  with  a  little  fat  lute,  soft  enoueh  to  be  i'f*udily 
pierced  with  a  sharp  pin  when  required.  The  tobe  thus  prepared,  was  then 
sunk  in  a  lai'ge  vessel  of  water  two  or  three  feet  deep,  and  wa»  'confined  by 
weights  to  the  bottom.  The  lute  stopping  the  perforation  in  the  cork  was  then 
pierced  with  a  steel  wire  fixt-d  to  the  end  of  a  long  stick,  and  the  njoment  that 
the  water  entered  the  tube  the  powder  exploded,  breaking  the  tube,  and  throw- 
ing out  a  four  pound  weight  which  had  fixed  it  down. 

1020.  Several  triple  alloys  of  potassium  and  other  metals 
have  also  been  described  by  M.  Serullas^  which  may  be  formed 
by  the  processes  described 'below.* 


Sbctiox  III.     Sodium, 


Discovery  of 
■odium. 


Proporties. 


102^.  podium  discovered  by  Sir  H.  Davy  in  1808,  is  obtained 
from  soda  by  an  operation  analogous  to  that  for  pracuring  potas- 
sium from  potassa.  (952).  It  is  isoft,  easily  sectile,  white  and 
opaque,  and  when  examined  under  a  thin  film  of  naphtha  has  the 
lustre  and  general  appearance  of  silver. 

1022.  It  is  exceedingly  malleable,  and  much  softer  than  any 
of  the  common  metallic  substances.     When  pressed  upon  by  a 
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Potanium 
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*  AUoji  of  Potiutium^  Copper  and  ^ntimeny.  This  is  tj)>tained  by  molting  togather  e^ual  parts  of 
carbonized  tartar  (prepared  by  roasting  cream  of  tartar  of  commerce  in  an  open  crucible,  till  it  luis 
lost  about  half  its  weight)  regulua  of  aniimuny,  and  copper  filings.  The  carbonized  tartar  and 
antimony  should  be  first  rubbed  toffethtv,  and  then  placed  in  a  crucible,  tbo  copper  filings  being  laid 
above  tliem.f  The  cover  of  iJie  etucible  being^  luted  on,  the  ivhble  is  to  be  strongly  heated  for  two 
hours.  This  alloy  has  a  violet  tint,  it  divides  into  very  tliin  brilliant  laroinu,  which  flstteu  a  little 
under  the  hammer.  It  is  volatile  to  tiio  fire,  and  irieces  thrown  upon  mercury,  covered  with  a  little 
water,  turn  round  rapidly. 

^ilUrjf  of  Potassium^  Silver  and  Jlntimony,  is  prepared  like  the  last ;  it  is  more  volatile ;  its  colour 
sfieel  grey,  and  it  ha»  much  lustre.     It  is  very  brittle,  and  contains  much  potassium. 

JSU«ftf  of  Potassiunif  Iron  and  Aniimonyy  is  obu^ ined  by  pjjtting  at  tlie  koUom  of  a  crucible  Soma 
iron  turniogs,  broken  to  sraa'l  fragments ;  covering  them  witli  equal  parts  of  calcini^  tartar  and 
antimony,  previously  mixed,  and  exposing  to  a  very  strung  heat. 

AUoff  of  Potassium  and  Bismuth.  Rub  together  00  grains  of  calcined  tartar.  ISO  of  bismuth  and 
one  of  nitre,  enclose  the  mixture  in  a  crucible,  eover^  with  lamp  black,  close  it  carefuhy  and  heat 
it  for  two  hours.  An  alloy  is  obtained  which  is  very  rich  in  potassium,  its  smallest  fiugmeiits  giving 
sparks  when  cut  with  shears  Aa  soon  as  it  is  broken,  it  melts  and  burns,  leaving  a  residue  «f  a 
greeuish  oxide  t 

If  this  aJloy  is  made  with  10  or  IS  grains  of  lamp-black  or  charcoal  instead  of  Uu»  uitie,  a  pyro. 
phoms  is  obtained,  which  lakes  fire  by  the  oontact  of  watOTj  and  huius  with  slight  ^plosions,  b 
may  bo  used  for  kindKng  gun  pow^der  under  Water. 

An  alloy  of  Potassium  and  Tin  is  made  in  the  same  manner  as  the  precrding.  with  100  parts  of 
oxide  of  tin,  60  of  calcined  tartar  and  10  of  Iamp>biack«  A  double  dose  of  lamp-black  gives  a  pyro- 
phorus. 

An  aUoy  of  Potassivm  and  I*ead  is  produced  by  100  grains  of  protoxide  of  lead  and  60  of  calcined 
tartar ;  and  an  addition  of  5  or  6  grains  of  lamp-black  gives  a  pyrophorus.   ' 

M.  Serullas  remarks  that  in  the  preparation  of  these  alloys,  the  stratum  of  charcoal  put  over  them 
to  protect  them  from  the  action  of  the  air,  though  in  no  way  mixed  with  them,  acquires  the  proper^ 
of  spontaneous  infiammatioD  in  the  air ;  which  he  conceives  can  only  be  attributed  lo  tlie  presence  of 
potassium  volatilised  during  the  fusion,  and  retained  by  the  charcoal. 

tThe  copper  filings  should  bajijreviously  mixed  with  a  sixth  part  of  antimony  to  promote  their 
fusion. 

X  In  certain  eases  this  aJloy  offer*  >n  ezoellont  test  of  the  complete  desiccation  of  gas.  All  that 
u  required  is  lo  pass  u|  a  smaJI  frsgmedl  of  the  alley  to  .the  gas  oonluiud  over  mercury,  when  the 
least  moisture  will  oabse  it  m  tuHr  r<Aind.'-  (S.) 


8£CT.  III.  Sodium.  279 

platinum  blade  with  a  small  force,  it  spreads  into  thin  leaves ; 
and  a  globule  of  V^th  or  y^th  of  an  inch  in  diameter  is  easily 
spread  over  a  surface  of  a  quarter  of  an  inch.  This  property 
is  not  diminished  by  cooling  it  to  3li°  Fahrenheit.'  Several 
globules,  also,  may,  by  strong  pressure,  be  forced  into  one  ;  so 
that  the  property  of  weldings  which  belongs  to  platinum  and 
iron  at  a  high  degree  of  heat  only,  is  possessed  by  this  sub- 
stance at  common  temperatures. 

It  is  lighter  than  water;  as  near  as  can  be  determined,  its 
specific  gravity  is  as  0,972  to  1. 

1023.  It  is  much  less  fusible  than  the  base  of  potassa.  At 
120^  Fahrenheit,  it  bec^ins  to  lose  its  cohesion,  and  is  a  per- 
fect fluid  at  180^  or  190^.  Hence  it  readily  fuses  under  heated 
naphtha. 

1024.  Whet)  sodium  is  exposed  to  the  ^mosphere,  it  immedi-  Eflbetoftir. 
ately  tarnishes,  and  by  degrees  becomes  covered  wit^  a  white 

^rust  of  soda,  which  deliquiates  more  slowly  than  that  formed 
on  potas!«ium.  It  is  not  changed,  however,  by  air  that  has  been 
artificially  dried. 

1025.  It  combines  with  oxygen,  sJowly  and  without  luminous  or oxygeB. 
appearance,  at  all  common  temperatures.     When  heated  to  its 
fusing  point,  the  combination  becomes  more  rapid ;  but  no  light 

IS  emitted  till  it  becomes  nearly  red  hot.  The  flame  which  it 
then  produces,  is  white,  and  it  sends  forth  bright  sparks,  exhib- 
iting a  very  beautiful  effect.  In  common  air,  it  burns  with 
a  similar  colour  to  charcoal,  but  with  much  greater  splendour. 

1026.  When  thrown  into  water,  it  produces  a  violent  efierves-  Action  on 
cence  and  a  loud  hissing  noise;   it  combines  with  the  os^gen  ^^' 
of  the  water  to  form  soda ;  and  hydrogen  gas  is  evolved,  which 

does  not,  however,  as  in  the  case  of  potassium,  hold  any  of  the 
alkaline  base  in  solution.  Neither  can  sodium  be  made  to  dis- 
solve in  hydrogen  gas,  by  being  heated  in  contact  with  it. 
When  thrown  into  hot  water,  the  decompositioti  is  more  violent, 
and  in  this  case  a  few  scintillations  are  generally  observed  at  the 
surface  of  the  fluid  ;  but  this  is  owing  to  small  particles  of  the 
base,  which  are  ejected  from  the  water,  sufficiently  heated  to 
burn  in  the  atmosphere. 

1027.  Its  action  on  alcohol,  ether,  volatile  oil,  and  acids,  is  Oaaieoh*!. 
similar  to  ihat  of  potassium  ;  but  with  nitric  acid  a  vivid  inflam- 
mation is  produced.     H.  1.  557. 

1028.  Sodium  and  Oxygen. — From  the  quantity  of  hydro-  soda. 
gen  evolved  when  sodium  is  thrown  into  water,  we  learn  that 
soda  {protoxide  of  sodium)  consists  of  about  75  sodium  and  25 
oxygen  per  eeni,;  and  if  it  be  considered  as  the  protoxide,  the 
number  representing  the  metal  will  be  24,  and  soda  will  consist 

of  24  S.  +  8  0.  and  be  represented  by  32. 

1029.  The  peroxide  of  sodium  may  be  formed,  by  burning  p^^^Mt. 
the  metal  with  an  excess  of  oxygen.     It  is  of  a  deep  orange 
colour,  very  fusible,  and  a  nonconductor  of  electricity.     When 
Acted  on  by  water,  its  excess  of  oxygen  escapes,  and  it  becomes 
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soda.  It  deflagrates  with  most  combustible  bodies.  It  appears 
to  be  constituted  of  2  atoms  of  sodium  =48,  with  3  atoms  of 
oxygen  =  24,  and  its  eqriivalent  number  is  therefore  72, 

1030.  Soda^  as  it  usually  occurs  in  the  laooratories,  is  obtain- 
ed from  the  carbonate,  by  the  action  of  lime  and  alcohol,  as 
described  under  the  head  poiassa.  It  may  also  be  formed  by 
burning  sodium  in  a  quantity  of  air,  containing  just  oxygen 
enough  to  convert  the  metal  into  alkali.  It  is  of  a  grey  colour; 
of  a  vitreous  fracture  ;  and  requires  a  strong  red  heat  for  its 
fusion.  It  consists  of  32  protoxide  of  sodium  +  ^  water,  and 
is  represented  by  41.  "When  soda  is  exposed. to  air,  it  soon 
becomes  covered  with  an  efiSorescence  of  carbonate  of  soda. 

1031.  Soda  is  distinguished  from  potassa,  by  forming  an 
efflorescent  paste  when  exposed  to  the  atmosphere  ;  potassa 
under  the  same  circumstances  deliquesces.  If  excess  of  tartaric 
acid  be  added  to  a  solution  of  soda. there  is  no  precipitation  ; 
but  in  solution  of  potassa  it  occasions  a  deposite  of  minute  crys« 
tals.  Solution  of  soda  occasions  no  precipitate  when  added  to 
solution  of  muriate  of  platinum.  Solution  of  potassa  occasions 
a  yellow  precipitate  in  solution  of  platinum.  In  combination 
with  acids  it  produces  a  perfectly  distinct  class  of  salts. 

103^.  Chloride  of  Sodium. — Sodium,  when  heated  in  chlo- 
rine, burns  and  produces  a  white  compound,  of  a  pure  saline 
flavour,  soluble  in  2^  parts  of  water  at  60°,  and  forming  cubical 
crystals.  It  may  also  be  formed  by  heating  sodium  strongly  in 
muriatic  acid  gas  ;  the  hydrogen  of  which  is  lib,erated,  while 
the  chlorine  combines  with  the  metal. 

1033.  Or  it  may  be  formed  by  saturating  carbonate  or  hydrate 
of  soda  with  muriatic  acid,  and  evaporating  the  liquid,  which 
yields  chloride  of  sodium  in  a  solid  form.  This  chloride  also, 
is  an  abundant  product  of  nature,  being  that  well  known  sub- 
stance, common  salt.  For  purposes  of  experiment,  the  common 
salt  may  be  employed,  which  is  to  be  found  in  the  shops.  This 
may  be  purified,  by  adding  to  a  solution  of  it  in  water  a  solutioi^ 
of  carbonate  of  soda,  as  long  as  any  milkiness  ensues  ^  filtering 
the  solution,  and  evaporating  it  till  it  crystallizes, 

1034.  It  crystallizes  in  solid  regular  cubes,  or,  by  hasty 
evaporation,  in  hollow  quadrangular  pyramids,  which,  when  the 
salt  is  pure,  are  but  little  changed  by  exposure  to  the  air.  The 
common  salt  of  the  shops,  however,  being  impure,  acquires  an 
increase  of  weight,  in  consequence  of  the  absorption  of  moisture. 
The  various  forms  under  which  it  appears,  of  stoved  salt,  fishery 
salt,  bay  salt,  &c.  arise  from  modifications  in  the  size  and  com- 
pactness of  the  grain,  rather  than  from  any  essential  difference 
of  chemical  composition. 

1035  It  requires  for  solution,  twice  and  a  half  its  weight  of 
watrr,  at  60°  Fahrenheit,  and  hot  water  takes  up  very  little 
more.  Hence  its  solution  crystallizes,  not  like  that.of  nitre,  by 
pooling,  but  by  evaporation.  When  heated  gradually,  it  fuses, 
and  forms,  when  cold,a.solid  compact  mass.     If  suddenly  heat- 
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ed  as  by  tbr.  ..mg  it  on  red-hot  coals,  it  decrepitates.  It  does 
DOtj  however,  after  being  dried  at  the  temperature  of  boiling 
water,  tose  by  ignition  more  than  two  or  three  parts  of  water 
per  cent,  ana  essentially  it  contains  no  water.  When  mixed 
with  powdered  charcoal  or  sulphur,  and  fused  in  a  crucible,  it 
does  not  undergo  any  decomposition  or  essential  change. 

1036.  It  is  decomposed  by  the  carbonate  of  potassa,  the  alkali  peeompoti- 
of  which  combines  with  the  muriatic  acid  of  the  salt,  and  the 
carbonic  acid  is  transferred  to  the  soda. — Hence  we  obtain 
muriate  of  potassa  and  carbonate  of  soda.* 

1037.  When  chloride  of  sodium  is  dissolved  in  water,  it  A«tionofwi- 
passes,  by  the  decomposition  of  that  fluids  to  the  state  of  muri- 

ato^of  soda,  and  it  is  this  salt  and  not  the  chloride  of  sodium 
(which  last  can  only  exist  in  a  solid  form)  that  is  the  ingredient 
of  sea  water  and  other  solutions  'of  common  salt.  Muriate  of 
soda  is  composed,  in  lOQ  grains. 

Acid.  Bm«  ComupBiUtm. 

According  to  Darcet    .    «    of    .    .    49,27  •  .  60,73 

Berard    .    .     "     .     .    43,  .  .  67, 

— —   DrMarc«t.     "    .    .    46,  .  .  54, 

Berzeliat     .     *'    .    .    46,56  .  .  53,44    H.  1. 560. 

Chloride  of  sodium,  as  it  exists  in  fused  common  salt,  is  con- 
stituted of  an  atom  of  sodium,  weighing  24,  with  an  atom  of 
chlorine  weighing  36,  and  its  equivalent  is  60. 

Dr  WoUaston  assumes  its  constitution  to  be  39,64  sodium  + 
60,36  chlorine. 

1038.  In  the  common  process  for  obtaining  muriatic  acid  it  is  Action  of  •ai- 
decomposed  by  sulphuric  acid.     In  this  decomposition  there  is  ^  ""'^'^'  * 
a  transfer  of  the  oxygen  contained  in  the  water  of  the  sulphuric 

acid  to  the  sodium  of  the  salt,  the  chlorine,  of  which  combines 
with  the  hydrogen  of  the  water  to  produce  muriatic  acid  gas. 
The  oxide  of  sodium  unites  with  the  dry  sulphuric  acid  to  pro- 
duce sulphate  of  soda.t 

1039.  Chloraie  of  Soda  was  procured  by  Mr  Chenevixf  by  cuorau. 
the  same  process  as  chlorate  of  potassa,  but  not  possessing  less 
solubility  than  chloride  of  sodium,  the  two  substances  are  diffi- 
cultly separable.     Vauquelin  obtained  it  by  saturating  chloric 

acid  with  soda.     Its  crystals  resemble   those  of  chlorate  of 

potassa,  its  taste  is  also  nearly  similar.§||ir 

f.  ■■■         ■■  -■■■  .._■ 

*  A  proeeM  for  offecting  thu  decompociUoO}  on  a  large  •cale,  is  described  by  Westrurob,  in  CrpU's 
JnamMl,  English  translation,    ii.  197. 

t  Olaaber  first  obtained  muriatic  acid  from  common  sail,  and  the  cxintence  of  soda  in  it  was  first 
shown  by  Duhamel.  X  Phil.  Tramt.  1802.  ^  Hromine  anJ  aSVirfa,  (33D). 

H  The  combinationa  of  chlorine  with  lime  and  with  soda,  have  lately  been  highly  recommended  as 
disinfoctiog  agents. 

The  diiinfeeting  a^da  liquid  of  M.  Labartaque  is  ptcpared  by  tiie  following  process.  Dissolve 
tSOO  grains  of  crystaJliaed  carbonata  of  soda  in  1,98  pints  of  H(^ter,  having  placed  the  solntion  in  a 
Wonlfes*  apparatas,  pass  through  it  a  current  of  chlorine  gas  evolved  from  a  mixture  of  967  grsins 
of  salt,  and  750  of  uxii)p  of  manganese,  acted  upon  by  097  grains  of  oil  of  vitriol  previously  diluted 
with  750  gmuM  of  water.    The  operation  should  be  eondnettd  slowly. 

For  most  parpoaea  the  common  hUackimg  powder  spriaUad  about  or  dissolved  in  water  is  quite 
as  efieetnal  and  more  eaonomieal,  bat  for  medical  oses  the  preparation  should  be  more  nicely  attended 
to.    See  fiumrU  Jwur,  »f  Science,  ^t.  N.  8.  i.  935— ii.  4flS>-iii.  84 ;  aiid  .^smt.  Jour*  Ite.  xiv.  931. 

IT  Sodium  and  Itdhu  act  apon  each  other  with  the  same  phraouana  as  potassium,  and  an  iodide  of 

S6 
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Nitrate.  ,  1040.  Nitrate  of  Soda  crystallizes  in  rhombs,  soluble  in 
three  parts  of  water  at  60^,  and  in  less  than  its  weight  at  212^. 
It  iias  a  cool  sharp  flavour,  and  is  somewhat  deliquescent.  It 
consists  of  1  atom  soda  -f  1  nitric  acid.  It  is  often  found  in 
crude  nitre,  resulting  apparently  from  the  decompositon  of  com- 
mon salt ;  it  is  the  cubic  nitre  of  old  writers.  It  may  be  formed 
by  saturating  carbonate  of  soda  with  nitric  acid,  or  by  distilling 
common  salt  with  three-fourths  its  weight  of  nitric  acid.  When 
the  for^ier  process  is  adopted,  the  solution  must  be  evaporated^ 
till  a  pellicle  appears  on  its  surface,  and  then  allowed  to  cooL 

1041.  The  only  use  of  nitrate  of  soda  is,  perhaps,  that  which 
has  been  suggested  by  Proust,  who  has  found  it  to  be  more 
economical  in  the  making  of  fire  works  than  nitrate  of  potas- 
sa.*t}     H.  1.  563.. 

1042.  Sulphate  of  Soda — Glauber*s  Salt — Sal  mirabile — 
is  abundantly  produced  in  the  manufacture  of  muriatic  acid,  by 

^  the  action  of  sulphuric  acid  upon  common  salt. 
Compoiition.  1043.  Common  salt  consists  of  24  sodium  +  36  chlorine. 
Sulphuric  acid  consists  of  40  dry  acid  +  ^  water.  The  water  of 
the  acid,  consisting  of  1  hydrogen +  8  oxygen,  is  idecomposed. 
Its  hydrogen  is  transferred  to  the  chlorine  to  produce  gaseous 
muriatic  acid  (1  H.  •^^  36  C.  =  37  Mur.  A.),  and  its  oxygen 
unites  to  the  sodium,  forming  dry  soda  (8  Ox.  -f-  24  S.  =  32 
soda).  The  40  dry  acid,  unite  to  the  32  soda,  to  produce  sul- 
phate of  soda,  which  will  be  represented  by  the  number  72. 

1044.  Sulphate  of  soda  crystallizes  from  its  aqueous  solution 
in  large  four-sided  prisms,  transparent,  and  efflorescent,  when 
exposed  to  air.  The  primary  form  is  an  oblique  rhombic  prism. 
They  consist  of  72  dry  sulphjite+  90  water ;  exposed  to  dry  air 
the  crystals  part  with  about  50  per  cent,  of  water. 

The  taste  of  sulphate  of  soda  is  saline  and  bitter  :  it  is  solu- 
ble in  rather  less  than  three  times  its  weight  of  water  at  60^. 
When  exposed  to  heat  it  undergoes  watery  fustQn,  that  is,  it 
melts  in  its  own  watdr  of  crystallization  ;  when  this  has  evapo- 
rated it  fuses.  ' 

1045.  Sulphate  of  soda  is  sometimes  decomposed  for  the  pur- 
pose of  obtaining  soda,  by  igniting  it  with  chalk  and  charcoal, 


ProperUet. 


DeeompoMd 
bjr  chalk. 


lodato. 


godium  ia  obtained.    The  hydriodic  acid  and  aoda  produce  a  similar  compoood.    It  is  deliquosceat, 
and  its  solution  yields  quadrangular  crystals. 

lodate  of  Soda  is  made  by  dissolving  iodiuo  in  solution  of  soda;  a  white  compound  forms,  which 
te  the  iodate  with  a  portion  of  hydxiodate  of  soda ;  tlie  latter  may  be  removed  by  alcohol.  lodMe 
of  soda  forms  small  prismatic  tuded  crystals,  which  ^hen  heated,  afford  oxygen  and  iodide  of 
sodium — Gay  Lussac,  ^nuales  de  Chimie^  xci. 

*  Nicholson*s  Journal^  xv.  383.    See  also  6  ^nn,  de  Chim,  et  Pky»'  906. 

t  SfdpkuTet  of  Sodium  and  of  Soda.  See  Pota$9him.  (991)  •  The  snipburets  exhibit  fieaiiy 
similar  properties. 

t  UypoaidphiU  of  Soda  is  formed  as  hyposulphite  of  potassa. . (905) .  It  is  difficultly  erystaUisaUo, 
deliqaescent,  of  an  intensely  bitter  taste,  and  insoluble  in  alcohol.  Its  aqtieous  solution  readily 
dissolves  moist  chloride  of  silver. 

Sulphite  of  Soda  is  crystallizable  in  transparent  foot  and  six-sided  prisms,  solnble  ii|  four  parts  of 
<orator  at  60^.  It  convsts  of  3S  Syda*^  33  salpfaorous  acid.  The  crystals  contain  eight  jwoportionala 
of  water.    By  exposure  to  the  air,  it  oSorescas  and  is  changed  iato  4  sulphate. 
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or  with  iron  and  charcoal,  (Of  these  processes  a  full  account  is 
given  in  Aikin's  Dictionary^  Art.  Muriate  qf  Soda.)  Its 
principal  use  is  in  Pharmacy. *t 

ld46.  Phosphate  of  Soda  is  usually  obtained  for  pharma-  Phoaphnu. 
ceuticai  purposes  by  saturating  the  impure  phosphoric  acid, 
obtained  from  calcined  bones  by  sulphuric  acid^l  with  carbonate 
of  soda :  the  liquor  is  filtered,  evaporated,  and  set  aside  to 
crystallize.  The  primary  form  of  the  crystals'  is  an  oblique 
rhombic  prism.  It  was  introduced  into  pharmacy  by  Dr  Pear-' 
son  ;  it  is  the  salperlaiutn  of  some  old  writers. 

1047.  This  salt  has  a  pure  saline  taste  and  ^hen  dry  is  con-  conpoMti^^. 
stituted,  according  to  Berzelius,  of  phosphoric  acid  53,48,  soda 
46,52;    Dr  Thomson  states  the  anhydrous  salt  to  consist  of  acid 
46,67,  soda  i3,33  or  1  atom  of  each,  and  the  crystals  generally 

to  contain  12  atoms  of  water.  Mr  Dalton  considers  this  as  the  , 
bi-phosphate  constituted  of  2  atoms  of  acid  and  1  of  base.  To 
render  it  neutral  to  colour>teats  he  finds  that  the  acid  must  be 
doubled,  or  that  the  neutral  phosphate  is  in  iact  a  quadriphos* 
phate.  The  simple  phosphate,  consisting  of  1  atom  of  acid 
and  I  of  base  may  be  formed  by  adding  as. much  more  caustic 
soda  to  the  biphosphate  as  it  already  contains.  The  new  salt 
is  much  more  soluble  than  the  bi-phosphate  and  crystallizes  in 
very  fine  needles.  This  Mr  Dalton  recommends  as  the  proper 
reagent  in  chemical  analysi8.§     H.  1.  568. 

When  heated,  phosphate  of  soda  fuses  and  boils  up,  and  hav*  AetioDof 
ing  lost  its  water  of  crystallization,  it  runs  into  a  clear  glass,  ^^^ 
which  becomes  opaque  on  codling.     If  a  globule  be  heated  be- 
fore the  blow-pipe  it  assumes  the  dodecgedral  fia;ure  as  it  cools,  of  Ruiphano 

1048.  Treated   with  sulphuric  acid,  pho!>phate  of  soda   is  *"**' 
only  partly  decomposed,  a  bi-phosphate  of  Soda  being  formed, 
which  is  more  soluble  than,  and  not  so  easily  crystallizable  as 
the  phosphate. 

1049.  ^mmonio-phosphate  of  Soda  exists  in  human  urine,  Ammonid-  . 
whence  it  was  procured  by  the  early  chemists  under  the  names      *^  ****' 
of  microcosmic  and  fusible  salt.     When  exposed  to  heat  the 
ammonia  is  expelled,  and  a  bi-phosphate  pf  soda  remains  :  it 


*  Bi-anlpkaU  of  Sod*  i«  obtainod  by  adding  ralpluiric  a^id  to  a  hot  solution  of  sulphate  of  soda. 
It  eryalallizes  in  rhomboids  soluble  in  twice  their  weight  of  water  at  60*^.  This  salt  consists  of  1% 
solphate  of  soda  H*  40  sulphuric  acid  as  1  IS;    CrelTs  MnnaUf  1796. 

JtmntrnM-oulphato  of  Soda  is  a  triple  salt,  formed  by  saturating  the  bi-sulphate  with  anunonia* 

PhaopkiU  of  Soda  has  not  been  examined*  Hypopkflophite  of  S^ia  is  very  soluble  both  in  akohol 
and  water.— j^miuiIm  do  Ckim,  ei  Pkyo.  ii.  143. 

t  If  a  drop  of  a  sohition  of  sulphate  of  ttda  be  placed  upon  a  g\am  plate  and  allowed  to  evsporatf 
■pontaneoosly,  it  will  leave  crystals  which  may  be  distinguished  by  their  form  and  ultimate  efflor- 
escence, as  the  anhydrous  sulpkaU,  Moat  of  the  potassa  and  soda  salts  may  bo  distinguished  as  t» 
their  base  by  such  an  experiment.  They  are  easily  converted  into  sulpbatet  by  a  drop  or  two  of 
aalpharic  acid  and  ignition,  and  than,  being  diasolTod  and  uied  as  above,  will  yield  crystals  which 
may  be  known  by  their  forms,  and  more  especially  by  their  efflorescence  if  of  soda,  and  their 
Qoehangeable  sute  if  of  potassa.  This  test  is,  however,  liable  in  certain  circumstances  to  aneer- 
tkdnty.    Faraday  In  QaorC  Jontt  JX.  S.  v.  Stt. 

1 8w  Pkoofhmv^.  ^  Jimf4k.  Mcmnri^  JX,  9.  iii. »» 
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-appears  to  consist  of  two  proportionals  of  phosphoric  acid  s  56 ; 
one  of  sodass  32,  and  one  of  ammonia  =  17.'*' 

10^0.  Carbonate  of  Soda  is  chiefly  obtained  by  the  combus- 
tion of  marine  plants,  the  ashes  of  which  afford,  by  lixiviation^ 
the  impure  alkali  called  soda.  Two  kinds  of  rough  soda  occur 
in  the  market  ;'daW//a,  and  kelp  ;  besides  which,  some  native 
carbonate  of  soda  is  also  imported.  Barilla  is  the  semifused 
ash  of  the  salsola  soda^  which  is  largely  cultivated  upon  the 
Mediterranean  shore  of  Spain,  in  the  vicinity  of  Alicant.  Kelp ' 
consists  of  the  ashes  of  sea  weeds,  which  are  collected  upon 
the  sea  coast  and  burned  in  kilns,  or  merely  in  excavations 
made  in  the  ground  and  surrounded  by  stones.  It  seldom  con- 
tains more  than  5  per  cent  of  carbonated  alkali,  and  about  24 
tot^  of  sea  weed  are  required  to  produce  one  ton  of  kelp.  The 
best  produce  is  from  the  hardest  fucif  such  as  the  serrattis, 
digitatusy  nodosuSy  and  vesiculosusA  The  rough  alkali  is  con- 
taminated by  Qommon  salt,  and  impurities,  from  which  it  may 
be  separated  by  solution  in  a  small  portion  of  water,  filtrating 
the  solution,  and  evaporating  it  at  a  low  heat :.  the  common  salt 
may  be  skimmed  off  as  its  crystals  form  upon  the  surface. 
'  1051.  When  required  of  great  purity,  it  is  best  prepared 
either  from  pure  acetate  of  soda,  which  is  decomposed  at  a  red 
heat,  and  converted  into  carbonate  of  soda  and  charcoal,' the 
former  of  which  is  separable  by  water;  or  it  may  be  obtained 
by  calcining  the  bi-carbonate.    H. 

1053.  The  primitive  crystalline  form  of  carbonate  of  soda  is 
anoblique  rhombic  prism.|  It  is  soluble  in  twice  its  weight 
of  water  at  70^.  Its  taste  is  strongly  alkaline,  and  it  greena 
vegetable  blues.    It  consist  of 

3S  soda 

22  carbooic  acid 

64 

Its  crystals  contain  ten  proportionals  of  waters;  90  which 
may  be  expelled  by  heat.  They  effloresce  by  exposure  to  air. 
This  salt  is  the  Sodas- Subcarbonas  of  the  Pharmacopoeia.^ 

1053.  Bi-carbonate  of  Soda  is  formed  by  passing  carbonic 

acid  through  the  solution  of  the  sub-carbonate.     By  evaporation 

a  crystalline  mass  is  obtained.     This  salt  consists  of 

32  spda 

44  carbonic  acid 

76 

The  bi-carbonate  of  soda  has  a  very  slightly  alkaline  taste, 
and  it  is  much  less  soluble  in  water  than  the  sub-carbonate. 

1054.  This  salt,  as  well  as  the  bi-carbonate  of  potassa,  may  be 
obtained  by  treating  their  respective  c^bonates  with  carbonate 

*  Foarcro7»  Jlifn.  de  Ckim*  Tti.  183.  ^       f'Mac  Cnlloeh't  Wtttern  /«Uiidr,  toI.  L  p.  JSBL 

t  Brooke  Jinn,  Pkih*.  N.  S.  vL  287. 

$  To  the  analyna  or  barilla  and  ke]p,  to  aieartaia  tlifl  ralatire  proportion  of  ioda,  it  may  bo  uaefol 
to  know  that  KW  parti  of  dilate  mtiic-aeid,  apeeific  graTity  li36,  will  aatoratt  SO  pAiti  of  ^  ctiboB* 
Iit9  of  Mda,  which  ftr*  eqaivaltBt  to  about  SHI  of  poN  teda> 
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of  ammonia ;  pure  ammonia  is  evolved  and  bi-carbonates  are 
formed.* 

In  the  manufacture  of  this  bi-carbonate  for  the  purpose  of  JStSSi/u 
commerce,  160  lbs.  of  carboilate  may  be  dissolved  in  13  gallons  iotheiaii* 
of  water,  and  carbonic  acid  thrown  into  the  solution  in  a  proper  ^^^' 
apparatus.     The  bi-carbonate  falls  as  it  forms  to  the  amount  of 
about  50  lbs.,  and  being  separated  from  the  solution  may  be 
conveniently  dried  by  pressure  in  an  hydraulic  press,  and  sub- 
sequent exposure  to  heat  not  exceeding  100°.     A  fresh  portion 
of  carbonate  is  dissolved  in  the  mother  liquor,  and  the  operation 
repeated  as  before. 

1055.  A  mixture  of  the  carbonates  of  soda  occurs  native  in  Native. 
great  abundance  in  Africa,  in  the  province  of  Gahena,  near 
Fezzan.     The  natives  call  it  Trona*    It  has  been  analyzed  hy 

Mr  R.  Phillips,  who  considers  it  as  a  conrlpound  intermediate 
between  the  carbonate  and  bi-oarboaate.     Or  to  be  constituted 
of  B  atoms  of  acid  +  2  of  soda,  or  of  1^  atoms  of  acid  s:  33  +  I  compomtioD. 
of  soda  =  32,  together  65.     Hence  he  has  given  it  the  name  of       . 
sesqui'Carbonatt  of  sodaA 

1056.  The  salt  sold  as  bi-carbonate  he  finds  to  be'  a  com- 
pound of  an  atom  of  carbonate  and  an  atom  of  bi-carbonate,  or 
to  consist  of  carbonic  acid  3  atoms,  soda  2  atoms,  water  4  atoms. 
The  bi-carbonate  of  the  shops  is,  therefore,  a  sesqui-carbonate 
combined  with  water.     H. 

A  very  productive  soda-lake  exists  in  South  America  in 
Maracaybo,  one  of  the  provinces  of  Venezuela,]: 

1057.  Sub* borate  of  Soda — Borax. — This  salt,  which  has 
been  very  long  known,  is  imported  from  India  in  an  impure 
state,  under  the  name  of  Tineal,  which,  when  purified,  is  called 
refined  Borax.  It  crystallizes  in  irregular  hexaedral  prisms,  Bor^A. 
slightly  e£9orescent.  Its  taste  is  alkaline  and  styptic.  It  is  solu- 
ble in  20  parts  of  water  at  60^,1ind  in  six  parts  of  boiling  water. 
When  heated  it  loses  water  of  crystallization,  and  becomes  a 
porous  fria^ble  mass,  called  calcined  borax ^  or  glass  of  borax. 

It  consists,  according  to  Gmelin,  of 

35,6  aoid  Cdmpoiitt<Mi.K 

17,8  soda 
•       46,6  water 

1<M),0» 

According  to  Thom8on||  of  31,5  acid,  20,4  sodd,  48,  water, 
or  of  2  atomft  boracic  acid,  1  atom  soda  and  8  atoms  water. 
Under  this  view  it  is  a  bi-borate. 

Sulphuric  acid  decomposes  this  salt,  producing  sulphate  of  jt^etionofra)* 
soda  and  boracic  acid.  (824).     It  has  a  place  in  the  Pharmaco-  phvicacid. 
posia,  and  is  much  used  in  experiments  with  the  blow-pipe.f 

\  

*  S^  U.S.  Pkarmuc0fmia.  p.  100.    Biiolpw**  S*fit<<,  p.  349.  t  •^««r.  •/  Seimue^fi'e.  vii  ■  398. 

i  q^arierlp  Jnumal^  i.  p.  168.  $  Ann.  PkUoa,  vol.  9.  ||  Firat  Prin.  i.  167. 

IT  SOeniaU  •f  Soda.  Belenie  acid  oaitet  with  toda  in  throe  diiierent  proportions,  but  these  aalti 
have  ao  partianlarljr  interertiiy  propertiet. 

Mjfttr^ttMte  of  Soda,  lika  all  thaathwr  lalU  of  this  elan,  if  alkaline,  and  ia  daeompaeed  by  mara 
axpMora  f  the  ataaoaphere. 
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1058.  Ferro-cyanate  of  Soda  is  of  a  yellow  colour,  and 
forms  four  sided  pristns,  terminaled  hy  dihedral  summits,  which 
effloresce  in  the  air,  and  lose  87^  per  cent,  of  their  weight.  At 
55^  F.  they  dissolve  in  4}  times  their  weight  of  water,  but 
require  much  less  boiling  water,  from  which  they  separate  on 
cooling.     They  are  soluble  in  alcohol.     H.  1.  571. 

1059.  The  salts  of  sodium  are  soluble  in  water.  They  are 
not  precipitated  either  by  pure  or  carbonated  alkalies,  or  hydro- 
sulphuret  of  ammonia,  or  ferro-cyanaie  of  potassa ;  they  pro- 
duce no  precipitate  in  solution  of  muriate  of  platinum,  and  do 
not  convert  sulphate  of  alumina  into  octoedrat  alum.  Before 
the  blow-pipe  they  tinge  the  flame  yellow  and  increase,  its 
magnitude. 

1060.  Potassium  and  sodium  form  an  alloy,  which,  if  com- 
posed of  one  part  of  potassium  and  three  of  sodium,  remains 
"fluid  at  32^.     Equal  parts  of  the  metals  form  a  brittle  crystal- 
lizable  alloy. 


Section  IV.    Lithium^ 


Djacuvar3% 


1061.  In  the  year  1818  in  the  analysis  of  a  mineral,  called 

petalite,  M.  Arfwedson  discovered  about  three  per  cent,  of  an 

alkaline  substance,  which  was  at  first  supposed  to  be  soda;  but^ 

finding  that  it  required  for  its  neutralization  a  much  larger 

quantity  of  acid  than  soda,  he  was  led  to  doubt  its  identity 

with  that  alkali,  and  the  furthek*  prosecution  of  his  inquiries 

fully  demotistrated  that  it  possessed  peculiar  properties.     The 

minerals  called  spodumene  and  lepidolite  also  afford  the  same 

substance,  to  which  the  terra  lithiaj  deducted  from  its  lapideoiis 

original,  has  been  applied.     It  has  also  been  detected  in  several 

varieties  of  mica,  and  by  Berzelius  in  the  waters  of  Carlsbad 

.  .  in  Bohemia. 

Methoiiofob-      1062.  The  best  process  for  preparing  lithia  is  that  of  Berze- 

tajiiinx  hthia.  jj^g^     Q^^  part '  of  pctalite  or  spodumene,  in  fine  powder,  is 

intimately  mixed  with  two  parts  of  fluor  spar,  and  the  mixture 
is  heated  with  three  or  four  times  its  i^eight  of  sulphuric  acid, 
as  long  as  any  acid  vapours  are  disengaged.  The  silica  of  the 
mineral  unites  with  fluoric  acid,  and  is  dissipated  in  the  form 
of  fluosilicic  acid  gas,  while  the  alumina  and  lithia  unite  with 
sulphuric  acid.  After  dissolving  these  salts  in  water,  the  solu- 
tion is  boiled  with  pure  ammonia  to  precipitate  the  alumina, 
filtered,  evaporated  to  dryness,  and  then  heated  to  redness  to 
expel  the  sulphate  of  ammonia.  The  residue  is  sulphate  of 
lithia.*    T.  353. 

1063.  When  lithia  \s  submitted  to  the^action  of  the  Voltaic 
pile,  it  is  decomposed  with  the  same  phenomena  as  potassa  and 
soda;  a  brilliant  white  and  highly  combustible  metallic  sub- 
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stance  is  separated,  which  may  be  called  lHhiumj  the  tetm 
lithia  .being  applied  to  its  protoxide. 

The  properlies  of  this  metal  have  not  hitherto  been  investi- 
gated, in  consequence  of  the  di£Sculty  of  procuring  any  quantity 
of  its  oxide. 

1064.  The  proportion,  in  which  this  metal  unites  with  oxy-  union  with 
gen,  has,  of  course,  not  been  determined  by  direct  experiment;  «*>««"• 
but  it  has  been  deduced  by  Vauquelin,  from  an  analysis  t>f  the 
sulphate  of  lithia,  aiid  the  application  x>f  th^  law  that  the:.pi;o-      ^ 
portion  between  the  oxygen  of  sulphuric  acid  and  that  of  the 

bases  which  it  saturates  is  as  3  to  1,  to  be  as  follows:       r 

Lithium    .    .    56,50    ...     100    ...     130 
Oxygen    .    .    43,60    ...      77    ...     100 

100, 

Arfwedson's  estimate  scarcely  differs  from  this,  but  Gnielin 
deduces  the  composition  of  lithia  to  be  58,05  metal +  41)^5 
oXygen.  6n  the  whole  we  may  consider  the  atomic  weight  of 
lithium  to  be'represented  by  10,  and  lithia  by  that  number  +  8 
=  18.     H.  1.  574. 

1065.  Pure  lithia  is  very  soluble  in  water,  and  its  solution  proportie«of 
tastes  acrid  like  the.  other  fixed  alkalies.     It  acts  powerfully  on  uuua. 
vegetable  blues,  converting  them  to  green*     It  is  very  sparingly 
soluble  in  alcohol. 

1066.  Chloride  of  Lilhinm,  obtained   by  evaporating  the  Chloride.     . 
muriate  to  dryness,  and  fusing  it,  is  a  white  semitransparcnt 
substance.     It  evidently  differs  from  the  chlorides  of  potassium 

and  sodium,  in  being  extremely  deliquescent ;  in  being  soluble 
in  alcohol;  in  being  decomposed  when  strongly  heated  in  the 
open  air,  when  it  loses  chlorine,  absorbs  oxygen,  and  becomes 
highly  alkaline  ;  in  being  very  difficultly  crystal hzable ;  and 
in  tinging. the  flame  of  alcohol  of  a  red  colour.* 

1067.  Mtiriate  of  Lithia  forms  small  regular  cubes  very  Munatow 
similar  to  common  salt  in  their  taste.     The  easiest  mode  of 
obtaining  the  crystals  is  to  expose  the  solution  to  the  sun  \t\  a 

hot  day.  The  crystals  deliquesce  very  speedily  when  exposed 
to  the  air,  but  not  with  so  mudi  rapidity  as  nitrate  of  lithia. 
This  salt  does  not  melt  when  exposed  to  the  red  heat  produced 
by  the  action  of  a  spirit  lamp;  but  when  exposed  in  a  platinum 
crucible,  not  completely  covered,  to  an  incipient  white  heat,  it 
is  fused  into  the  chloride.     U.  6Q5, 

1068.  Nitrate  of  Lithia  is  very  soluble,  and  by  evaporation  Nitnto. 
crystallizes  in  regular  rhomboids,  sometimes  in  needles.     It  is 
extremely  fusible  and  on  cooling  attracts  moisture  and  becomes 

fluid.  • 

1069.  Sulphuret  of  ZtVAtum.— ^With  sulphur  lithia  afibrds  suiphunu 
a  very  soluble  yellow  compound  which  is  decomposed  by  acids, 

with  the  same  phenomena  as  the  alkaline  sulphurets,  and,  from 


*  JfiiraU  «/  Lithia  if  a  T^ry  loloble  deUqii«K«ak  salt,  foaibto  aod  dccoDipowd  by  beat ;  iu  taita 
ilt^olHf » i^  vyitaUixaa  in  iliomboide. 
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the  abundance  of  the  precipitate  appears  to  contain  a  large 
proportion  of  sulphur. 

1070.  Sulphate  of  Lithia  crystallizes  in  small  prisms,  per- 
fectly white,  and  possessed  of  much  lustre.  Their  taste  is 
saline,  and  their  solubility  intermediate  between  that  of  sulphate 
of  potassa  and  sulphate  of  soda. .  The  crystals  contain  no  water, 
and  fuse  at  a  heat  below  redness.  Their  solution  occasions  no 
change  in  solution  of  platinum,  nor  in  tartaric  acid«  They 
consist  of  ■ 

Sulphuric  acid    .    •    54,7 

Lithia 20,9 

Water       ....    13,4 


or 

1  atom  =  40 

or 

1      "    =18 

or 

1      «    =    9 

100,       atomic  wei|^t  67 

Pboqibato.  1071,  Phosphate  of  Lithia  may  be  obtained  by  adding 
phosphoric  acid  to  sulphate  of  lithia ;  no  precipitate  is  at  first 
formed,  but  on  adding  excess  of  ammonia,  an  insoluble  phos- 
phate of  lithia  falls.  This  property  enables  us  to  separate  lithia 
from  potassa  and  soda.  The  phosphate  of  lithia  may  be  decom- 
posed by  dissolving  it  in  acetic  sicid  and  adding  acetate  of  lead : 
acetate  of  lithia  remains  in  solution. 

CaiboDate.  1072.  Carbonate  of  Lithia. — When  a  strong  solution  of 
carbonate  of  potassa  is  added  to  sulphate  of  lithia,  a  white  pre- 
cipitate of  carbonate  of  lithia  b  formed.  It  requires  about 
100  parts  of  water  at  60°  for  its  solution.  It  is  fusible,  alkaline, 
effervesces  with  acids,  and  absorbs  carbonic  acid  from  the  air. 
Lithia  and  its  carbonate,  when  heated  upon  platinum,  act  upon 
that  metal.*  .  "^ 

ConpositioD.  It  consists  of  1  lithia -I- L  acid.  The  watery  solutioQ  effer- 
vesces with  acids  ;  changes  vegetable  blue  colours  to  green  ; 
decomposes  solutions  of  alumina  and  magnesia,  and  of  the 
metals ;  is  rendered  caustic  by  lime ;  disengages  ammonia  from 
its  combinations  ;  and  does  not  precipitate  the  muriate  of  plati- 


num. 


JDiitinctivt 
ehmctert. 


1073.  Litbia,  then,  is  sufficiently  distinguishable  both  from 
potassa  and  soda,  by  the  difficult  solubility  of  its  carbonate  in 
water  ;  by  affording  deliquescent  salts  with  muriatic  and  nitric 
acids  ;  and  still  more  by  its  higher  capacity  of  saturation.  It 
agrees  with  soda  in  not  being  precipitated  by  tartaric  acid  or 
muriate  of  platinum,  but  the  salts  of  lithia,  when  their  con- 
centrated solutions  are  mixed  with  one  of  carbonate  of  soda, 
deposite  carbonate  of  lithia.  H.  1.  575.  All  the  salts  of  lithia, 
when  heated  on  platinum  wire  before  the  blow-pipe  tinge  the 
j9ame  of  a  red  colour.! 


*  Tli«  plaliaum  crucible  in  whicJi  carboaete  of  litbia  has  been  expoaed  to  a  red  heal,  gives  obviena 
indications  of  having  b«en  attacked,  its  eurfaoe  assuming  a  dark  olive  green  colour ;  but  the  atetallie 
hatre  is  restMed  by  rubbing  the  crucible  with  coane  sand  tnd  water. 

t  For  an  analysis  of  Litliioo  micas  and  the  distinguishing  ptopeitiea  of  lithia,  see  Dr  Toroer'a 
papers,  Edin.  Jour.  iii.  137,  961,  &e. 

The  following  is  M*  Berzelius's  method  of  discovering  lithia  in  any  solution.  Precipitate  the  lime 
by  oxalate  of  potasea,  separate  the  magnesia  by  carbonate  of  soda,  but  the  raiirtnre  most  be  evaporated! 
td  dryneas,  and  the  residue  fused ;  for  tflherwise  some  of  the  maga«ia  wovld  bo  oaailj  rediasotvtd  is 
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Section  V.     Calcium. 

1074.  When  lime  is  electrized  nej^atively  in  contact  with  Howobuin- 
mercury,  an  amalgam  is  obtained,  which,  by  disliUation,  affords  ^' 

a  white  metal.     It  has  been  called  calcium,  and  when  exposed    / 
to  air,  and  gently  heated,  it  burns  and  produces  the  oxide  of 
calcium  J  or  lime,* 

To  obtain  calcium,  a  paste  maj  be  moulded,  either  of  pare  lime,  or  of 
sulphate  o(  Hnie  and  watf^r,  into  the  thape  of  a  small  capsule,  which  maj  be 
placed  on  a.  metallic  di»h.  Into  this  capsule  mercury  may  be  poured,  and , 
connected  with  the  negative  extremity  of  a  galvanic  apparatus  of  sufficient 
power,  while  the  pof^itive  wire  of  the  same  pile  is  made  to  touch  the  under 
surface  of  the  metallic  plate.  When  the  contact  has  been  continued  suffi- 
ciently long,  an  amuigam  of  mercury  and  calcium  is  obtained,  which  may  be 
put  into  a  small  retort,  along  with  naphtha  enough  to  cover  it.  The  retort  is 
then  to  be  connected  with  a  tubulated  receiver,  the  tubulure  of  which  is  only 
loosely  stopped  with  a  cork  On  applying  heat,  the  naphtha  first  comes  over ; 
thien  the  mercury  ;  and  the  calcium  remains,  surrounded  by  an  atmosphere  of 
Tapour  of  naphtha.  As  the  vessels  cool,  it  would  be  desirable,  and  would  not 
be  difficult,  to  fill  them  with  nitrogen  gas,  to  prevent  the  oxidation  of  the 
calcium.     H.  1.575.  , 

Lime  appears  to  consist  of  20  parts  •of  this  metallic   base 
united  to  8  parts  of  oxygen,  so  that  its  representative  number"^ 
will  be  =  28. 

1075.  The  combinations  of  lime  are  very  abundant  natural  NaUvsear- 
products,  and  of  these  the  native  carbonate  which,  more  or  less  Hmi'®"  ^^ 
pure,  constitutes  the  different  kinds  of  marble,  chalk,  and  lime- 
stone, and  which  is  also  the  hardening  principle  of  shell,  coral. 
&c.,jnay  be  considered  as  the  most  important.* 

Lime  may  be  obtained  in  a  state  of  consideral)le  purity  by  Methodofob- 
exposing  powdered  white  marble  to  a  white  heat,  which  expels  taining um©; 
the  carbonic  acid.     To  obtain  absolutely  pure  lime,  white  mar-  /  ^ 
ble  may  be  dissolved  in  dilute  muriatic  acid,  a  little  ammonia 
added  to  the  solution,  and  filtered  :.  carbonate  of  ammonia  is 
then  added,  and  the  precipitate  dried,  washed,  and  exposed  to  a 
white  heat. 

1076.  Its  colour  is  light  grey ;  it  is  acrid  and  caustic  and  con-  PcoperU«s. 
verts  vegetable  blues  to  green  ;  its  specific  gravity  is  2,3  ;  it  is 


die  form  of  a  double  carbonate  of  soda  and  nasnoiia.    The  mastf,  taken  up  by  tiie  water  and  filtered, 
will  not  ftTe  any  furtlier  precipitate  even  when  pure  phmphate  of  aoda  is  added  ;  but  if  it  contains 
lithia,  it  will  become'  turbid  during  the  evaporation,  which  must  be  rontinuod  till  tlie  mailer  be 
perleetly  dry.    It  is  next  rediaB9lred  in  a  very  small  quantity  of  cold  water,  which  loaves  undissolved 
a  donbld  phosphate  of  soda  and  litbia,  equivalent  to  ^d  of  its  weight  of  carbonate  of  lithia-    Tbs 
characters  which  distinguish  this  phosphato  from  the  earthy  phbsi^hates  with  which  it  mny  be  con- 
founded, are  as  followb.    It  is  very  fusible,  before  the  blow-pipe.    When  melted  with  carbonate  of 
soda,  it  enters  with  the  soda  into  tlie  charcoal.    On  a  leaf  of  platinum  the  melted  mixture  is  limpid. 
The  earthy  phosphates  remain  on  the  charcoal  while  the  soda  penetrates  it,  and  do  not  give' a  limpid 
mixture  when  they  are  melted  on  a  leaf  of  platinum.    With  twice  its  weight  of  carbonate  of  lime  it 
fuses  at  a  red  heat,  without,  however,  attacking  the  platinum,  as  lithia  ordinarily  does :  but  if  somo' 
drops  of  water  are  added  to  it,  and  afterwards  evaporated,  the  platinum  becomes  yellow  all  round 
when  the  mass  is  heated  anew.— £i2m.  Philot.  Jour.  iv.  J88. 
*  Or  (^^ick'iime  as  it  is  popalarb  tornuid  from  its  corrosive  properties; 

37 
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very  difScuIt  of  fusion,  but  remarkably  promotes  the  fusiOD  of 
most  Other  earthy  bodies,  and  is  therefore  used  in  several 
metallurgic  processes  as  a  cheap  and  powerful  flux.  When 
quite  pure  it  can  only  be  fused  in  very  minute  particles  by  the 
oxygen  blow-pipe,  or  by  the  Voltaic  flame.*  It  is  an  essential 
ingredient  in  mortar,  and  other  cements  used  in  building.     Ex- 

{>osed  to  air  it  becomes  white  by  the  absorption  of  water  and  a 
ittle  carbonic  acid. 
Hydnit:  1077.  When  a  small  quantity  of  water  is.  poured  upon  lime, 

there  is  a  great  rise  of  temperature  resulting  from  the  solidifi- 
cation of  a  portion  of  the  water,  and  a  white  powder  is  obtain- 
ed, called  slaked  limey  which  is  a  hydrate^  and  which  appears 
to  consist  of  one  proportional  of  waters  9 -(-one  proportional 
of  lime  =  28  =  37  hydrate. 

It  is  strictly  a  proto-hydrate.     Some  care  is  necessary  ia  its 
preparation,  lest  more  water  should  be  added,  than  is  essential 
to  its  constitution.     It  afibrds  a  very  convenient  form  of  keep- 
ing lime,  for  occasional  use  in  a  laboratory  ;  for  the  hydrate 
may  safely  be  preserved  in  glass  bottles,  which  are  almost  con* 
stantly  broken  by  the  earth,  if  enclosed  in  its  perfectly  dry 
state. 
Phenomena        1078.  The  degree  of  heat  produced  by  the  combination  of 
auk?i^°Sr^^  lime  with  water,  is  supposed  by  Mr  Dalton  to  be  not  less  than 
line.  800°,  and  is  sufficient  to  set  fire  to  some  inflammable  bodies  ; 

'  and  when  a  lar^e  quftntity  of  lime  is  suddenly  slaked  in  a  dark 
place,  even  light,  according  to  Pelietier,  is  sometimes  eTolved. 
The  caloric,  which  is  thus  set  at  liberty,  is  doubtless  that  con- 
tained in  the  water,  andi  essential  to  its  fluidity.  By  combina- 
tion with  lime,  water  passes  to  a  solid  state,  and  probably  even 
to  a  state  of  much  greater  solidity  than  that  of  ice  ;t  Hence, 
during  this  change,  it  evolves  more  caloric  than  during  conver- 
sion into  ice;  and  hence  even  ice  itself,  when  mixed  with  quick- 
lime, in  the  proportion  of  one  to  two,  enters  into  aeombinatioa 
which  has  its  temperature  raised  tp  212°.  Wh^n  a  sufficient 
quantity  of  water  has  been  added  to  reduce  lime  into  a  thin 
liquid,  this  is  called  milk  or  cream  of  lime ;  but  this  can 
scarcely  be  regarded  as  a  definite  compound. 

1079.  Lime,  though  not  of  itself  volatile,  is,  in  some  manner, 
perhaps  mechanically,  carried  up  by  the  vapour  employed  in 
slaking  it.  When  a  piece  of  moistened  paper,  stained  with  the 
juice  of  the  violet,  is  held  in  the  steam,  which  arises  from  lime 
suddenly  slaked,  its  colour*  is  changed  from  blue  to  green. 
Hence  the  smell  which  is  perceived  during  the  slaking  of  limcw 
H.  1.577. 
oryitaiJixed.  1080.  Lime  may  be  obtained  in  a  crystalline  form  by  placing 
lime-water  under  the  receiver  of  an  air-pump,  with  another 


*  The  utmost  light  is  given  by  lime  exposed  on  burning  charcoal  to  the  heat  excited  by  a  jet  of 
oxygen  gas  falling  upon  it.    See  Lieut.  Dranimond*s  expts.  EMn»  Jour,  of  Sousnu- 

t  According  to  M.  Bollani,  there  is  no  ultimate  condensatiQu  between  the  eleoients  of  the  bjdratv. 
QuarU  Jour.  N.  S.  v.  S3S. 
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vessel  of  sulphtiric  acid.  The  water  is  thus  slowly  jevaporated^ 
and  imperfect  crystals  of  hydrate  of  lime  are  formed.* 

Lime  is  very  sparingly  soluble  in  water^  yiz.  in  the  propor- 
tion of  about  1  to  TOO.t 

10^1.  Lime-water  is  limpid  and  colourless ;  its  tstste  is  nause-  liim  water, 
ousy  acrid,  and  alkaline,  and  it  converts  vegetable  blues  to  green. 
It  is  usually  prepared  by  pouring  warm  water  upon  powdered 
lime,  and  allowing  the  mixture  to  cool  in  a  close  vessel :  the 
clear  part  is  then  decanted  from  the  remaining  undissolved  por- 
tion of  lime.  When  lime-water  is  exposed  to  the  air,  a  pellicle 
of  carbonate  of  lime  forms  upon  its  surface,  which  if  broken, 
is  succeeded  by  others,  until  the  whole  of  the  lime  is  thus 
separated  in  the  form  of  an  insoluble  carbonate..  Lime-water  is 
used  in  medicine  as  an  antacid. 

1082.  When  oxygen  is  passed  over  heated  lime,  it  is  absorbed, 
and  a  portion  of  peroxide  of  calemin  is  formed.  A  hydrated 
peroxide  of  calcium  is  thrown  down,  according  to  M.  Thenard, 
when  lime-water  is  dropped  into  oxygenated  water. 

1083.  Chloride  of  Calcium  is  produced  by  heating  lime  in  chiorideec 
chlorine,  in  which  case  oxygen  is  evolved ;  or  by  evaporating  ****»"°*' 
muriate  of  lime^  obtained  by  dissolving  carbonate  of  lime  in 
muriatic  acid,  to  dryness,  and  exposing  the  dry  mass  to  a  red 

heat  in  close  vessels.  In  this  case  the  muriatic  acid  is  decom- 
posed ;  its  hydrogen,  uniting  with  the  oxygen  of  the  lime, 
escapes  in  the  state  of  water ;  and  the  chlorine  unites  with  the 
calcium.  The  chloride  and  the  muriate  are,  therefore,  mutually 
convertible  by  adding  or.  expelling  water. 

1084.  It  consists  of  20  calcium  +  36  chlorine  =  56.  This  Compotition 
eompbund  has  a  strong  attraction  for  water ;  it  deliquesces  when  £■.  '^^^ 
exposed  to  air,  and  becomes  what  used  to  be  called  oil  of  lime4 

It  is  difficultly  crystallizabld  from  its  aqueous  solutions;  with 
care,  however,  it  may  be  obtained  in  six-sided  prisms,  Consist- 
ing of  the  chloride  combined  with  water.  It  is  most  readily 
crystallized  by  exposing  its  solution  to  the  temperature  of  32^. 
Its  taste  IS  bitter  and  acrid ;  one  part  of  water  at  60°  dissolves 
four  parts  of  the  chloride.  Its  solubility,  however,  is  greatly 
influenced  by  temperature,  for  at  32°  one  psgrt  of  water  will  not 
dissolve  more  than  two  of  the  salt,  and  at  212°  it  takes  up  nearly 
any  quantity.  It  is  copiously  soluble  in  alcohol,  and  much  heat 
is  evolved  duriqg  the  solution.  When  fused  k  acquires  a  phos- 
phorescent property,  as  was  first  observed  by  Homberg,  and 
hence  termed  Homberg*s  phosphorus.  It  is  abniidantly  pro-  Homberg'i 
duced  in  the  manufacture  of  carbonate  of  ammonia,  from  the  p**^^**®™*' 
decomposition  of  muriate  of  ammonia  by  lime;  and  hence  has 


•  Gay-Lunac,  Annalt*  it  Ckimit  et  Phyt.  i.  334. 

t  According  to  Thomton  1  to  758.  The  ezperiinenU  of  Mr  Dalton  tend'  to  ettabUab  a  cnriovi  fact 
leipectiiig  the  solabiUty  of  Itma,  vit.  that  it  diaaohrei  more  plentifnlly  in  cold  than  in  bet  water,  he 
found  thai  at  61^  F-  778  ptam  of  water  dissolve  1  ^ain  of  lime  and  at  SiS^,  1370graioa  were  required. 
He  fiirther  infers  that  at  the  freexinf  point  water  would  probably  take  up  nearly  twice  aa  mu^h  lime 
•M  if  difBolved  by  boiling  watef^tbit  baa  been  eoDflrmed  by  Mr  B«  Pbillips.— ./Siiii.  Pkiloa.  N.  6. 1. 107. 


292 


Fluoride  of  Calcium. 


CSAP.  IV. 


UlM. 


Bteadiing 
powd«r. 


Fluato* 


sometimes  been  called  fixed  sal  ammoniac.  The  production 
of  cold  by  mixing  muriate  of  lime  with  snow  has  already  been 
adverted  to  (147.)  Chloride  of  calcium  absorbs  ammoniacal  gas 
in  considerable  quantities.*  In  its  fused  state  this  compound  is 
very  useful  for  drying  certain  gaseous  bodies^  but  where  the 
quantity  of  the  gas  is  to  be  ascertained,  its  powers  of  absorption 
in  certain  cases  must  not  be  overlooked. 

Peletier  has  stated,  that  if  carbonic  acid  be  passed  through  a 
solution  of  muriate  of  liipe,  the  whole  becomes  a  hard  solid  mass. 
If  sulphuric  acid  be  poured  into  a  strong  solution  of  muriate  of 
lime,  the  whole  congeals  into  a  solid  mass  of  sulphate  of  lime. 

1086.  A  substance  called  Oxy muriate  of  Lime  or  bleach- 
ing powder  is  abundantly  employed  as  a  bleaching  material, 
and  manufactured  by  passing  chlorine  into  leaden  chambers 
containing  hydrate  of  lime  in  fine  powder;  by  which  the  gas  is 
copiously  absorbed.  It  is  k  dry  white  powder^  which  smells 
faintly  of  chlorine,  and  has  a  strong  taste  It  dissolves  partially 
in  water,  and  the  solution  possesses  powerful  bleaching  proper- 
ties, and  contains  both  chlorine  and  lime ;  while  the  undissolved 
portion  is  hydrate  of  lime  retaining  a  sfmall  quantity  of  chlorine. 

1086.  The  aqueous  solution  i«  decomposed  by  exposure  to 
the  air,  chlorine  being  set  free,  and  carbonate  of  lime  gene- 
rated. 

1087.  The  composition  of  this  salt  has  been  investigated  by 
DaIton,t  Thomson, t  Welter§  and  Ure.||  The  three  first  named 
chemists  infer  that  the  bleaching  powder  is  a  hydrated  sub- 
chloride  or  di-chloride  in  which  36  parts  or  1  atom  of  chlorine 
are  united  with  5Q  parts  or  2  atoms  of  lime.  Dr  Ure  maintains 
that  the  elements  of  the  compound  do  not  constitute  a  regular 
atomic  combination. 1  ** 

10S8.  Fluoride  of  Calcium — rluor  5j&ar.— Fluor  spar  is  a 
mineral  found  in  many  parts  0*1  this  world ,  but  in  great  beauty 


Oiitftmte. 


.    *  Faradaj)  JMtntaZ  0/ ScMitctf,  vol.  ▼.  p.  74.  t  •'^v**  <PAt<M.  vol.  i.  and  ii.  f^i'f'VoLxv. 

%Ji%n  de  Chim..  et  de  Pkgs.  Tiii.  ||  QkarU  J^ur.  xiii. 

IT  The  aasay  of  •ab->cbloride  of  lime,  in  order  to  aacertain  ita  commercial  value,  haa  been  oflbcted 
in  aeveral  way*. 

For  the  purpoaea  of  the  artiat,  the  most  practicable  method  will  be  fbniid  to  be  the  test  of  aolntion 
of  indifo  in  sulphuric  acid.  It  may  be  of  such  strength  that  16(K'  parts  of  the  liquor  contain  .ono  of 
indigo,  of  this  solution  100  cubic  inches  of  chlorine  =  70^-  graina,  destroy  the  colour  of  1159,5 
cubic  inches,  or  10  grains  of  chlorine  discharge  the  colour  of  158  cubic  inches  of  the  solution  It 
is  desirable  to  dilute  the  solution  of  chloride,  so  that  its  volume  may  be  nearly  one-half  that  of  tlM 
colour  test ;  to  pour  the  former  into  the  latter  slowly  and  at  inttrvab,  stirring  the  mixture  well  after 
each  addition  ;  and  in  making  several  comparative  experiments  to  take  care  that  the  quality  of  Uie 
test,  and  tlie  manner  of  proceeding,  shall  be  the  same  in  all.  It  cannot,  however,  be  pretended  that 
this  test  possesses  the  scientific  accuracy  attainable  by  the  admeaturomont  of  the  disengaged  chlorine, 
which  alone  is  to  be  depended  upon,  when  a  precise  analysis  is  required.  U.  1.  584. — M.  Gay-Luaaao 
has  contrived  an  apparatus  which  he  calls  a  dUoromeUr^  fof  the  assay  of  this  substance.  See  jSnn, 
Pkiht  viii.  318. 

**  ChloraU  of  Lime  is  a  very  soluble  deliquescent  salt  of  a  sharp  bitterish  taste.  It  is  moat  eaaly 
produced  by  dissolving  earbunate  of-  lime  in  chloric  acid.  Exposed  to  beat,  oxygen  is  evolved,  and  a 
chloride  formed* 

iodaU  of  Lime  is  difficultly  crystalliKable  in  small  quadrangolrr  prisms.  Hytbiodntt  of  lAme  ia 
very  deliquesoent ;  when  dried  it  becomes  iodide  qf  ealeivmj  a  white  fusible  compound. 
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and  abundance  in  Eng^Iaod,  an^  especially  in  Derbyshire.  Here 
it  is  commonly  called  Derbyshire  spar^  or  by  the  miners  of 
that  country  blue  John.  It  is  usually  found  in  cubic  crystals, 
which  may  easily  be  cleaved  into  octoedra,  sometimes  consider- 
ed as  its  primitive  form.  ,  Its  colours  are  extremely  various. 
Its  speciiic  gravity  is  3,15.  It  is  perfectly  tasteless  and  insolu- 
ble in  water.  When  thrown  in  powder  upon  a  plate  of  iron 
heated  below  redness  in  a  dark  place,  it  emits  a  phosphorescent 
light. 

Compact  Jluor  is  a  scarce  variety  :  the  finest  specimens  com€  compact. 
from  the  Hartz.     (l  third  variety  is  chlorophane^  so  called  from 
the  beautiful  pale  green  light  which  it  exhibits  when  heated. 

The  nature  of.  the  colouring  matter  of  fluor  spar  is  not  exactly 
understood.  It  is  liable  to  fade,  and  the  blue  varieties  become 
red  and  brown  by  heat. 

1089.  When  a  mixture  of  one  part  of  thei  purest  fluor  spar  Hydro-fluone 
in  fine  powder  is  distilled  with  two  of  sulphuric  acid ;  sulphate  ^^<^ 

of  Rme  remains  in  the  retort,  and  a  highly  acrid  and  corrosive 
liquid  passes  over,  which  requires  the  assistance  of  ice  for  its 
condensation  which  is  Hydro-ftuoric  acid. 

Fig.  ViSL  represents  an  apparatus  for  the  formation  of  this  acid,    a  an  alembic  Method  of 
witl)  a  bead,  from  which  passes  the  tube  6  made  to  (it  the  neck  of  the  bottle  c;  obtaining. 
J  is  a  cover  which  may  be  f(ub»>titiited  for  the  head  when  the  alembic  is  used  for  ..    .. 
other  purposes,  e  a  stopple  ground  to  fit  the  neck  o(  the  bottle  e.     All  the  parts 
of  this  apparatus  should  be  made  of  pure  silver,  for  glass  is  instantly  acted  upon. 
The  alembic  maj  be  of  the  capacity  of  16  fluid  ounces,  that  of  the  head  and 
tube  %\  and  that  of  the  receiver  Sjlounces.     With  an  apparatus  of  this  sise^ 
about  two  ounces  of  pOre  fluor  spar  and  four  ounces  of  sulphuric  acid  may  be 
employed.     These  materials  being  introduced  into  the,  alembic,  and  the  head 
fitted  on,  it  should  be  placed  under  a  flue,  the  bottle  or  receiver  being  surround- 
ed with  ice  and  rather  loosely  connected  with  the  tube.     The  heat  required  is 
not  considerable  ;  a  Tew  live  ooals  being  applied  beneath  the  alembic,  the  acid 
will  be  disengaged,  and  will  condense  in  the  bottle.* 

1090.  This  acid  is  colourles,  of  a  very  pungent  smell  and  ProperUw. 
extremely  destructive.     If  applied  to  the  skin  it  instantly  kills. 

the  part,  producing  extreme  pain,  and  extensive  ulceration. 
The  fumes  instantly  s^nd  powerfully  corrode  glass,  and  the 
contact  of  them  with  the  skin,  or  lungs,  should,  be  carefully 
avoided.  At  80^  this  acid  becomes  gaseous;  it  has  never  been 
frozen  \  it  produces  white  fumes  when  exposed  to  a  moist  air, 
and  occasions  a  hissing  noise  when  dropped  into  water. 

1091.  This  acid  acts  upon  potassium  and  sodium,  and  some 
other  metals  with  great  energy;  hydrogen,  is  evolved,  and  a 
peculiar  compound^  probably  the  basis  of  the  acid,  and  the 
metal  results. 

Its  composition  is  probably  1  atom  of  fluorine  +  I  of  hydro-  Compodtiol^ 
gen.t  (368). 

1092.  Fluoric  acid,  it  is  remarked  by  Berzelius,  is  distinguish-  howdiitin- 
ed  by  its  great  capacity  of  saturation  ;  for  100  parts  combine  ^'''^* 

*■  SiilimaB,  AhuT'  Jour,  of  Science^  -v'u  355. 

t  Tho  ditcoverj  of  Bf .  Kublmann  that  fluor  spat  cannot  be  daeorapoMd  bj  anhydrooa  nilphnrie  acid 
18  an  additional  fact  in  favour  of  tlw  opinion  tliat  floor  spar  \m  a  fluoride  of  calcinm.— ^mi.  4o  CAiw. 
et  4e  Phfa.  Feb.  18S7. 
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with  a  quantity  of  base  containing  74|72  parts  of  oxygen,  and 
the  compound  is  then  neutral.  Many  of  its  salts  are  readily 
soluble ;  but  they  cannot  be  obtained  quite  neutral  in  a  solid 
form,  being  found  in  that  state  to  have  an  excess  of  one  or 
other  ingredient.  Its  compounds  with  alkalies  crystallize  with 
an  excess  of  acid  and  attack  glass.  Fluoric  acid  is  also  dis- 
tinguished by  the  property  of  forming,  with  acids  weaker  than 
itself,  compounds  in  which  the. latter  serve  as  a  kind  of  base. 
Berzelius  finds  that  it  is  susceptible  of  forming  combinational 
not  only  with  silica  and  with  boracic  acid,  but  with  titanic, 
columbic,  tungstic  and  molybdic  acids;  and  that  these  com- 
pound acids,  dissolved  in  water,  are  analogous  to  liquid  fluo- 
silicic  acid,  and  that  the,  water  may  be  replaced  by  other  bases, 
forming  distinct  genera  of  salts,  called  fluo-titanites,  fluo*tung- 
states,  &c.*     H.  1.  282. 

1093.  Ilydro-fluoric  acid  has  been  used  for  the  purpose  of 
etching  on  glass,t  but  requires  to  be  diluted  with  three  or  four 
parts  of  water.  The  glass  should  be  eovered  with  a  varnish* 
prepared  by  melting  together  bees-wax  and  turpentine,  and 
surrounded  at  the  edge  by  a  rim  of  the  same.  The  varnish  is 
then  to  be  removed  wherever  it  is  desired  to  have  the  acid  act 
upon  the  glass,  as  in  the  process  for  etching  on  copper.:): 

1094.  The  neutral  fluates  of  fixed  bases  are  fusible  at  a  high 
temperature,  and  mostof  those  which  have  been  examined  may 
be  heated  in  close  vessels  to  any  intensity,  if  quite  dry,  with- 
out decomposition.  The  fluates  ^)f  the  alkalies  and  alkaline 
earths  are  not  decomposed,  so  far  as  is  known,  by  heat  and 
combustible  matter;  nor  does  any  acid, except  the  boracic, effect 
their  decomposition,  provided  they  are  free  from  moisture. 
When  digested,  on  the  contrary,  in  concentrated  sulphuric, 
phosphoric,  or  arsenic  acids,  the  fluoric  acid  is  disengaged.  T. 
491. 

1095.  Nitrate  of  Lime  is  a  deliquescent  salt,  soluble  in  4 
parts  of  water  at  60^.  It  is  found  in  old  plaster  and  mortar, 
from  the  washings  of  which,  nitre  is  procured^ by  the  addition 
of  carbonate  of  potassa. 

1096.  To  prepare  it  artificially,  nitric  acid,  diluted  with  five 
or  six  parts  of  water,  may  be  saturated  with  carbonate  of  lime, 
63  parts  of  which  are  decomposed  by  90,23  of  nitric  acid  of 
density  1,5,  and  Tgive  103,05  of  dry  nitrate  of  lime.§  When 
this  solution  is  boiled  down  to  the  consistence  of  syrup,  and 
exposed  in  a  cool  place,  long  prismatic  crystak  are  formed, 
resembling,  in  their  disposition,  bundles  of  needles  diverging 
from  a  common  centre.     These  crystals  are  readily  soluble  in- 


*  Soc  .Inn,  de  Cftm.  €t  de  Pkyt-  xx\x, 

t  For  more  minute  directions,  we  Faniday'i  Chtm.  Manij^  sect,  xxiii.    1351. 

t  M.  Variiwky  ho«  given  tlio  name  of  lodo-Jbutru  acid  to  cryitaJs  of  a  fine  goMeo  yellow  colour, 
and  poBSCBsing  all  the  properties  of  a  strong  acid^  which  he  obtained  on  mixing  the  vapours  of  iodine 
and  fluoric  acid.  They  dissolve  more  readily  in  hot  than  in  cold  wotcr,  and  with  potassa  produee  a 
gelatinous  salt,  having  a  very  disagreeable  bitter  taste.— Qaart.  Jour*  N.  S.  v.  8S4. 

$  PliiUips'  J(mm(Ufif  ScUneet  v.  167. 
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w^itefy  of  virhichy  at  60^,  they  require  two  parts,  and  boiling 
water  dissolves  an  equal  weight.  They  deliquiate  speedily, 
when  exposed  to  the  air ;  and  are  decomposed  at  the  tempera- 
ture of  ignition.     Exclusive  of  water  it  contains^  « 

Acid.  Bmo. 

Aocording  to  Daltofi    ...    61,3    ..    .    38,7 
PhillipB   .    .     .     65,6     .     .    .    34,4     H.  1. 586. 

1097.  When  a  solution  of  nitrate  of  lime  is  evaporated   to  .Baldwin*! 
dryness  in  an  earthen  vessel,  then  fused  for  five  or  ten  minutes  ^*'^'*''**^"'' 
in  a  crucible,  and  poured  while  in  fusion  into  an  iron  po^  pre* 
viously  heated,  the  copgealed  mass  forms  Baldwin's  phospho^ 

rus.  It  must  be  broken  into  pieces,  and  preserved  in  a  well- 
stopped  phial.  These  pieces,  after  having  been  exposed  to  the 
sun  for  a  few  hours,  emit  in  the  dark  a  beautiful  white  light, 
affording  one  variety  of  solar  phosphorus.  At  a  red  heat  it  is 
decomposed  ;  its  acid  is  dissipated,  and  pure  lime  remains.  It 
contains  in  its  crystallized  state  about  25  per  cent,  of  water^  and 
nray  hence  be  considered  as  composed  of 

1  proportional  dry  nitrate    .     .    .    •     ,    8% 
3 '    water 27 

^  I- 

109    B. 

1098.  Sulphuret  of  calcium  was  formed  by  Berzelius  by  soipfaontor 
passing  hydrogen  gas  over  red-hot  lime,  the  oxygen  of  which  ^**'^»""- 
united  with  the  hydrogen,  to  form  water,  while  the  sulphur 
united  with  the  calcium.  Berthier  formed  it,  also,  by  exposing 
anhydrous  sulphate  of  lime  to  a  strong  heat  in  a  charcoal  cruci- 
ble. In  both  cases  a  sulphuret  of  calcium  was  formed  com- 
pletely soluble  in  water,  and  constituted  of 

Calcium    •    •    .    69,09  or  1  atom  =s  38 

Sulphur     .    .    .    40,91   'M     '^      =16.     H.  1.581. 

1099.  HydrO'Sulphxiret  of  lime  is  obtained  by  transmitting  H;dro-rai- 
a  current  of  sulphuretted  hydrogen  gass  through  water  in  which  g|j^7^  **^ 
lime  is  kept  mechanically  suspended.     It  is  crystallizable^  and 

the  crystals  are  colourless  and  readily  soluble  in  water. 

WQO.  Hydroguretted  sulphuret  of  lime  is  formed  when-  Hydroguret- 
ever  the  sulphuret  of  calcium  is  dissolved  in  water,  or  by  boiling  »e^?«iphu»ei 
together  three  parts  of  hydrate  of  lime,  one  of  sulphur,  and 
ten  of  water.  The  compound  has  a  deep  orange  colour,  and 
derives  importance  from  its  use  as  an  eudiometrical  test.  From 
the  experiments  of  Vauquelin  it  seems  probable  that  it  is  sub- 
ject to  a  variety  in  its  proportions,  and  to  corresponding  dif- 
ferences in  its  properties.*     H.  1.  591. 

1101.  According  to  Mr  Herschel,  crystallized  hydrosulphu-  Cryttniiiwd 
ret  of  lime  is  formed  when  three  parts  of  slaked  lime  and  one  nt^of %-' 
of  sulphur  are  boiled  in  twenty  parts  of  water,  and  the  solution  *^^^- 
allowed  to  cool  upon  the  sediment :   he  dried  the  crystals  by 
exposure  to  the  absorbent  power  of  a  large  surface  of  sulphuric 
acid,  placed  under  an  exhausted  receiver.     Their  form  is  that 


ly  ■■■■-■■  1 1    ■  I  ■       ■  I      i         ■   I  ■ 

*  Ann,  de  Chim,  tt  dt  Phft.  Ti.SV. 
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of  quadrilateral  prisms  with  dihedral  summits.  They  are  spar- 
ingly soluble  in  cold  water,  the  solution  having  a  yellow  colour 
and  an  acrid,  bitter,  and  sulphurous  taste.  They  consist  of  two 
proportionals  of  lime,  two  of  sulphur,  one  of  hydrogen,  and  four 
of  water.* 

1102.  When  sulphurous  acid  is  ground  in  a  mortar  with  the 
above  crystals  its  smell  disappears,  and  when  liltered  it  is  found, 
pintef"*'  to  be  a  solution  ot  hyposulphite  of  lime.  By  passing  sulphur- 
ous acid  through  an  aqueous  solution  of  sulphuret  of  lime^  the 
same  product  is  obtained  :  and  if  the  solution  be  filtered  and 
evaporated,  at  a  temperature  not  exceeding  140^,  it  furnishes 
crystals  :  the  temperature  of  ebullition  decomposes  it.  The 
crystals  are  little  altered  by  air,  very  soluble  in  water,  and 
insoluble  in  alcohol.  They  consist,  according  to  Mr  Herschel, 
of 

Lime '    .     .    .    21,71 

Acid 36,71 

Water 41,58 

loot 

Sulphite.  1103.  Sulphite  of  Lime  is  formed  by  passing  sulphurous  acid 

into  a  mixture  of  lime  and  warm  water.  It  is  a  white  powder, 
soluble  by  excess  of  sulphurous  acid,  and  then  separating  in 
prismatic  crystals,  of  difficult  solubility,  efflorescent,  and  pass- 
ing yito  sulphate  of  lime  by  exposure  to  air. 

Sulphate.  1104.  Sulphate  of  Lime  occurs  native  in  selenite,  gypsum, 

and  plaster-stone.  Sulphate  of  lime  may  be  fornfied,  by  adding 
to  the  carbonate  a  sufficient  quantity  of  sulphuric  acid ;  and  by 
gently  calcining  the  residue,  to  expel  the  redundancy  of  the 
latter  acid  ;  it  then. affords  silky  crystals  soluble  in  350  parts  of 
water.  When  these,  or  the  native  crystallized  sulphate  are 
exposed  to  a  red  heat,  they  lose  water,  and  Tall  into  a  while 
powder  {plaster  of  Paris),  which,  made  into  a  paste  with 
water,  soon  solidifies.  Dry  sulphate  of  lime  consists  of -28  lime 
-f-  40  sulphuric  acid  =  6S.  Crystalline  sulphate  of  lime  contains 
two  pt*oportionals  of  water,  and  is  consequently  represented  by 
68 -h  18  =  86. 

1105.  As  sulphate  of  lime  is  more  soluble  in  water  than  pure 
lime,  sulphuric  acid  affords  no  precipitate  when  added  to  lime- 

containedin  ^atcr.     Nearly  all  spring  and  river  water  contains  this  salt,  and 

wator.  /  in  those  waters  which  are  called  hard  it  is  abundant.  They 
curdle  soap,  the  alkali  of  which  is  detached  by  the  sulphuric  acid, 
and  the  oil  is  set  at  liberty.  It  gives  to  them  a  slightly  nauseous 
taste.  At  a  very  high  temperature  sulphate  of  lime  is  fusible, 
but  it  suffers  no  decomposition  ;  heated  with  charcoal  it  is  con- 
verted into  a  sulphuret.  It  dissolves  without  decomposition  in 
dilute  nitric  and  muriatic-acids,  and  separates  from  these  solutions 

*  Edinburgh  PhilosophicalJoumal^  i.  p.  11.  S,c. 

t  The  hyposulphite*  of  soda,  potaua^  and  ammonia,  of  barylfei  and  of  strontia,  may  ba  formed  by 
paaiing  sulphuraoa  acid  through  the  aqueoua  tolutiooi  of  their  lulphuceti. 


on. 
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when  concentrated,  in  long,  silky  or  transparent  crystals.  It  is 
decomposed  by  the  alkaline  carbonates,  a  double  exchange  of 
principles  ensuing.  Hence  the  milkiness  which  ensues  on  add- 
ing carbonate  of  potassa  to  many  spring  waters ;  the  carbonate 
of  lime,  which  is  generated,  being  less  soluble  than  the  sulphate. 

1106.  Native  Sulphate  of  Lime  occurs  in  various  forms.  Native. 
The  crystallized  variety  is  usually  called  selenite  ;  the  fibrous 

and  earthy,  gypsum;   and   the  granular  or  massive,  alabas^ 
fer.     The  primitive  form  of  selenite  is  a  right  oblique-angled 
prism  * 

The  crystals  are  comnMinly  transparent,  and  of  various  col- 
ours ;  it  is  softer  than  native  carbonate  of  lime,  and  yields  very 
easily  to  the  nail.  It  is  seldom  found  in  veins,  but  generally 
disseminated  in  argillaceous  strata.  It  is  often  accompanied  by 
shells  and  pyrites,  and  appears  to  have  resulted  from  their 
mutual  decomposition.  A  beautiful  fibrous  variety  is  ^ound  in' 
Derbyshire,  applicable  to  ornamental  purposes.  It  is  turned  Aahydroas. 
by  the  lathe,  and  sculptured  into  a  variety  of  beautiful  forms, 
more  especially  by  the  Florentine  artists. 

1107.  There  is  a  variety  of  sulphate  of  lime,  which  has  been 
called  anhydrous  gypsum j  or  anhydrite^  in  reference  to  it^- 
containing  no  water.  It  is  harder  than  selenite,  and  sometimes 
contains  common  salt,  and  is  then  called  muriacite.  It  is 
rarely  crystallized,  generally  massive  and  lamellar,  and  suscepti- 
ble of  division  into  rectangular  prisms.  It  has  a  pale  blue  tint; 
sometimes  it  is  pink  or  reddish  and  often  white.  It  has  been 
found  at  Vulpino,  in  Italy,  and  hence  called  Vulpinite.  The 
statuaries  of  Bergamo  and  Milan  employ  it,  and  artists  know  it 
by  the  name  of  Marbre  di  Bergamo.  A  compound  of  sulphate 
of  lime  and  sulphate  of  soda  is  found  in  the  salt-mines  of  New 
Castile,  which  mineralogists  have  described  under  the  name  of 
Glauberife, 

li08.  Phosphuret  of  Lime. — By  passing  phosphorus  over  photpiuutf. 
red-hot  lime,  a  brown  compound  is  produced,  which  rapidly 
decomposes  water  with  the  evolution  of  phosphuretted  hydro^ 
gen  gas.  Hydrophosphuret  and  hydro-phosphite  of  lime  are 
also  formed.  This  compound,  though  called  phosphuret  of 
lime,  is  probably  di  phosphuret  of  calcium. 

The  best  process  for  obtaining  it  is  the  following : 

Select  a  green  glais,  or  porcelain  tube,  closed  at  one  end^  and  about  18  How  prajmi*- 
incbefl  long,  and  one  inch  diameter,  and  carefully  cover  it  with  a  clay  lute  «^* 
containing  a  very  little  borai.  Put  an  ounce  of  phosphorus  broken  info  Fmall 
pieces  into  the  lower  end,  and  fill  it  op  with  pieces  of  clean  qnicklime,  about 
the  sise  of  large  peas  ;  place  it  in  an  inclined  position  in  a  furnace,  so  that  the 
end  containing  the  phoaphorus  may  protrude,  while  the  upper  part  of  the  tube 
if  heating  to  redness ;  then  slowly  draw  tbe  cool  part  into  the  fire,  by  which 
tlie  phosphorus  will  be  Tolatilised,  and  passing  into  the  red'bot  lime,  convert  a 
portion  of  it  into  phosphuret.  Care  should  be  tarken  that  no  constiderable 
portion  of  phosphorus  escapes  and  burnt  away  at  tbe  open  end  of  the  tube,  Prep«rtim. 


•  Biooki's  OrfaUJUgrofkff, 
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whicli  after  the  procesB,  should  be  corked  and  iiiflfered  to  cool.  Its  contents 
maj  then  be  shaken  upon  a  sheet  of  paper,  and  Ihe  brown  pieces  picked  out 
and  carefollj  preserved  in  a  weW  stopped  phial ;  the  white  pieces,  or  those 
which  are  only  pale  brown,  must  be  rejected. 

1109.  The  phosphuret  of  calcium  has  the^  remarkable  pro- 
perty of  decomposing  water  at  the  common  temperature  of  the 
atmosphere ;  and  the  water  afterwards  contaius  phosphite,  or 
hypo-phosphite,  not  phosphate  of  lime.* 

Drop  a  small  piece  of  it  into  a  wine-glass  of  water,  and  in  a  short  time 
bubbles  of  phoepnuretted  hjdrogen  gas  will  be  produced  ;  which,  rising  to  the 
surface  will  take  fire,  and  explode.  If  the  phosphuret  of  lime  be  not  perfectly 
fresh»  it  may  be  proper  to  warn  the  water  to  which  it  is  added  .f 

Into  an  ale-glass  put  one  part  of  the  phosphuret  in  pieces  of  about  the 
ehe  of  .a  pea  (not  in  powder),  and  add  to  it  half  a  part  of  chlorate  of  potassa. 
Fill  the  glass  with  water,  and  put  into  it  a  funnel,  with  a  long  pipe,  or  narrow 
glass  tube,  reachinf?  to  the  bottom.  Through  thia  pour  three  or  four  parts  of 
strong:  sulphuric  acid,  which  will  decompose  the  chlorate ;  and,  the  phosphuret 
also  decomposing  (he  water  at  the  same  time,  flashes  of  fire  dart  from  the  surface 
of  the  flaid,  and  the  bottom  of  the  ressel  is  itlumrnated  by  a  beautiful  green 

light4 

1010.  Phosphate  qf  Lime  exists  abundantly  in  the  bones  of 
animals ;  it  is  also  found  in  minerals.  It  tnay  be  obtained  by 
dissolving  bones^  which  have  been  well  calcined  and  then  pul- 
rerizedy  in  dilute  muriatic  acid,  and  precipitating  the  solution 
with  pure  ammonia.  The  precipitate,  when  sufficiently  edulco^ 
rated,  19  phosphate, o/  lime.  It  may  be  formed  artificially ,  by 
mixing  solutions  of  phosphate  of  soda  and  muriate  of  lime.  It 
is  insipid  and  insoluble  in  water,  but  dissolves  in  dilute  nitric 
and  muHatic  acid  without  decomposition,  and  is  precipitated 
unaltered  by  caustic  ammonia.  It  is  decomposed  by  sulphuric 
acid,  and  thus  the  phosphoric  acid  for  the  production  of  phos- 
phorus is  usually  procured  (643.)  It  consists  of  28  lime  -{-  28 
phosphoric  acid  =:s  56. 

At  a  very  high  temperature  phosphate  of  lime  fuses  into  an 
opaque  white  enamel. 

1111.  Bi-phosphate  o/Lime  is  formed  by  digesting  the  phos- 
phate in  phosphoric  acid.  On  evaporation  a  white  deliquescent 
unerystallizable  mass  is  obtained,  composed  of  one  proportional 
of  lime  +  two  of  phosphoric  aeid. 

1112.  JVi-phosphate  of  Ame,  according  to  Mr  Dalton  may 
be  formed  by  adding  pure  phosphoric  aeid  to  lime  water,  till  a 
commencement  of  precipitation  appears,  when  the  solution  must 
be  cleared  by  a  drop  or  two  of  acid.  If  tlie  solution  be  evapo- 
rated to  dryness  at  a  moderate  heat,  and  then  dissolved  in  water 
again,  simple  phosphate  of  lime  remains,  and  a  quadri-phosphate 
exists  in  the  solution. 

1113.  Quadri'phosphate  of  Lime. — If  100  parts  of  phos- 
phate of  lime  be  digested  for  24  hours  w,ith  87  parts  of  sul- 
phiiric  acid,  diluted  with  a  sufficient  .quantity  of  water,  and  be 


*  Osj-LuMac,  85  ^nn.  de  Chim.  906.  and  Anm.  de  Ckim.  H  Pkys»  vi.  328. 

t  Dr  Beck  flrat  raggeitod  that  tho  produetion  of  the  pbmphuretted  hydrogen  is  the  result  of  the 
action  of  phosphuret  of  calcium  and  not  of  Une.    See  Jimer.  Jpur.  xii.  984. 
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then  filtered,  the  liquid  which  passes  through  contains  the  whole 
of  the  phosphoric  acid,  with  only  one-fourth  of  the  lime  which 
existed  in  the  original  salt,  the  remaining  Jths  having  formed 
an  insoluble  compound  with  the  sulphuric  acid.  The  dissolved 
salt  is  therefore  a  compound  of  1  atom  of  lime  s  28  4-  4  atoms 
of  acid  =  112.  When  evaporated  it  forms,  on  cooling;  pearly 
scales,  which  have  an  acid  taste,  and  dissolve  readily  in  water, 
giving  a  solution  of  the  sp.  gr.  1,44.  Wbeo  dried  and  fused 
in  a  crucible,  a  transparent  glass  is  obtained,  commonly  caHed 
glacial  phosphoric  acid*  (656).     H.  1.  591. 

1114.  Carbanale  0/  Lime. — Lime  has  a  strong  attraction  carbonat/. 
for  carbonic  acfdy  but  not  when  perfectly  dry ;  for  if  a  piece 

of  dry  quicklime  be  passed  into  a  jar  of  carbonic  acid  gas  over 
mercury,  no  absorption  whatever  ensues.  But  if  a  bottle,  filled 
with  earbonic  acid  gas,  be  inverted  over  a  mixture  of  lime  and 
water  of  the  consistence  of  cream,  a  rapid  absorption  will  be 
observed,  especially  if  the  bottle  be  agitated ;  or  if  a  jar  or  bottle, 
filled  with  carbonic  acid,  be  brought  over  a  vessel  of  linoe  water 
on  agitating  the  vessel,  a  rapid  diminution  will  ensue,  and  the 
lime  water  will  become  milky. 

When  a  shallow  vessel  of  lime  water  is  exposed  to  the  aif,  n 
white  crust  forms  on  the  surface,  and  this,  if  broken,  falk  to 
the  bottom,  and  is  succeeded  by  another  till  the  whole  of  the 
lime  is  precipitated  from  the  solution.  This  is  owing  to  the 
absorption  of  carbonic  acid  gas  from  the  air  by  the  lime,  which 
is  thus  rendered  insoluble  in  water.  Dry  lime,  also,  when  ex* 
posed  to  the  atmosphere,  first  acquires  moisture,  and,  having 
become  a  hydrate,  next  absorbs  carbonic  acid.  In  a  sufficient 
space  of  time,  all  the  characters  distinguishing  it  as  lime  disap- 
pear, and  it  acquires  the  property  of  efiervescing  with  acids. 
The  strong  affinity  of  lime  for  carbonic  acid  enables  it  to  take 
this  acid  from  other  substances.  Thus  carbonates  of  i^lkalies 
are  decomposed  by  lime  (961).     H.  1.  587. 

1115.  Carbonate  of  lime  occurs  in  nature  in  great  abundance 

and  in  various  forms.  The  primitive  form  of  crystallized  car-  caicoMoai 
bonate  of  lime,  or  calcareous  spar,  is  an  obtuse  rhomboid  of  ■?"• 
105^  5'  and  74°  55'.  Its  specific  gravity  is  2,7.  It  occurs  in 
every  kind  of  rock,  and  its  secondary  forms  are  more  numerous 
than  those  of  any  other  substance:  sometimes  it  is  deposited  from 
its  solution  in  water  acidulated  by  carbonic  acid,  and  substances 
immersed  in  this  water  become  incrusted  by  carbonate  of  lime. 

1116.  The  cai*boQic  acid  existing  in  carbonate  of  lime  is  ex-  carbooic 
pelled  by  a  strong  red  heat.'"    If  distilled  in  an  earthen  retort^  J^^^J^S,**®"** 
carbonic  acid  gas  is  obtained,  and  lime  remains  in  the  retort  in    * 

a  pure  or  caustic  state*  By  this  process  carbonate  of  lime  loses 
about  45  per  cent 


*  J^aUve  phosphate  of  Line  has  by  lome  been  regardod  ai  a  «tr^A#ffpAat«,  in  which  cafe  It  wouM  Kativv. 
be  composed  of  two  proportionala  of  lUne  -|-  one  phoaphorio  acid.    This  compound  occurs  crystal* 
lixed  and  maaiive,  and  is  kiMwo  asder  the  nanoes  of  apatite^  aBporagut-Biont^  and  photphorite* 
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Sir  jmbm  1117.  The  experiments  of  Sir  James  Hall  have  proved,  that 

Sieni^*'*'  when  the  escape  of  the  carbonic  acid  is  prevented  by  strong 
pressure,  carbonate  of  lime  is  fusible  in  9  heat  of  about  22^  of 
Wedgwood's  pyrometer.*  And  Mr  Bucholz  has  lately  fused 
this  substance,  by  the  sudden  application  of  a  violent  heat,  with- 
out additional  compression.! 

1118.  Carbonate  of  lime  is  precipitated  by  the  carbonated 
alkalies  from  solutions  of  oduriate,  nitrate,  and  sulphate  of  lime. 
It  is  decomposed  by  almost  all  acids.  This  will  appear  if  upon 
chalk  or  marble  contained  ih  a  gas  bottle  diluted  sulphuric  or 
muriatic  acid  be  poured.  A  violent  efiervescence  will  ensue, 
owing  to 'the  escape  of  carbonic  acid  gas,  which  may  be  col- 
lected  over  water  or  mercury.  By  a  little^modification  of  the 
experiment,  the  quantity  of  carbonic  acid  expelled  from  the  car- 
bonate may  be  correctly  ascertained.  Let  100  grains  of  carbo* 
nate  be  put  into  a  Florence  flask,  with  an  ounce  or  two  of  water; 
place  this  in  the  scale  of  a  balance ;  and  in  the  same  scale,  but 
in  a  separate  bottle,  about  half  an  ounce  of  muriatic  acid.  Add 
the  muriatic  acid  to  the  carbonate  as  long  as  any  efiervescence 
is  produced,  and  then  blow  out  that  part  of  the  disengaged  car- 
bonic acid  which  remains  in  the  flask,  by  a  pair  of  bellows. 
Ascertain,  by  adding  weights  to  the  opposite  scale,  how  much 
has  been  lost ;  suppose  it  to  be  43,5  grains  ;  this  shows  the 
quantity  of  carbonic  acid  disengaged.  Calcine  another  100 
graiifs  in  a  covered  crucible.  It  will  lose  rather  more  of  its 
weight ;  because,  besides  its  carbonic  acid,  all  the  water  is 
expelled  which  it  may  contain.  Let  this  loss  be  stated  at  45 
grains;  the  former  loss  deducted  from  this  (45 — 43,5)  or  1,5 
grains,  shows  the  quantity  of  water  in  100  of  the  carbonate. 
The  proportion,  however,  thus  discovered,  is  so  small  that  it 
may  be  considered  as  an  accidental  ingredient.  Independently 
of  water  it  is  constituted, 

Add.  Bara. 

Accord  ins;  to  Dr  Wollaston,  of     ....    43,7     .    .    .    56,3 
'■  Berzelin»,  of       ....     43,6    .    .    .     51,4 

'  Its  true  composition  is  probably  one  atom  of  acid  -|-  1  of  base. 
Bontt.  1119.  Borate  of  Lime  may  be  formed  by  adding  a  solution 

of  boracic  acid  to  lime  water.     The  resulting  compound   is  a 
white  tasteless  powder,  which  dissolves  very  sparingly  in  water. 
SeienittM.  1120.  Seleniate  of  Lime, — Selenic  acid  is  capable  of  uniting 

with  lime  in  two  different  proportions,  forming  a  seleniate  and 
a  bi-selehiate. 

1121.  The  salts  of  lime  which  are  soluble  are  not  altered  by- 
pure  ammonia,  but  they  are  decomposed  by  potassa  and  soda. 
They  are  also  decomposed  by  the  carbonates  of  potassa,  soda 
and  ammonia,  which  produce  precipitates  of  carbonate  of  lime. 
Oxalate  of  ammonia  produces  in  their  solutions  a  white  inso- 
luble precipitate  of  oxalate  of  lime,  which,  exposed  to  a  red 
heat,  a^ords  pure  lime. 


•  3Q3T>  F.  Nicholaon**  J«tfnla/,  xiii.  xiv. 


t  Ibid,  xTii. 


tscT.  VI.  Barium.  301 

The  insoluble  salts  of  lime  are  decomposed  by  being  boiled 
with  carbonate  of  potassa,  and  aflford  carbonate  of  lime. 


Section  VI.     Barium* 

1129.  To  oblain  this  metal,  the  earth  baryta  is  negatively  Howobtai»- 
electrized  in  contact  with.  m«rcury ;  an  amalgam  is  gradually  ^ 
formed  from  which  the  mercury  may  be  expelled  by  heat,  and 
the  metal  barium  remains ;  appearing,  according  to  Sir  H.  Davy^ 
of  a  dark  grey  colour,  and  being  more  than  twice  as  heavy  as 
water.  It  greedily  absorbs  oxj'gen,  and  burns  with  a  deep  red 
light  when  gently  heated,  producing  oxide  of  barium. 

1123.  Oxide  of  Barium^  Baryta^  or  Barya^  is  obtained  Oxideor 
by  exposing  the  crystals  of  nitrate  of  baryta  for  some  time  to  a    ^ 
bright  red  heat.     It  may  also  be  obtained  by  decomposing  the 
native  carbonate,  of  baryta. 

Let  this  be  powdered,  and  pasted  throagb  a  fine  sieve.  Work  it  up  with  how  obtain* 
about  an  equal  bulk  of  wheaten  flour  into  a  ball,  adding^  a  sufficient  quantity  of  *^* 
water.  Fill  a  crucible  of  proper  else,  about  one  third  its  height,  with  powdered 
charcoal;  place  the  ball  on  this;  and  surround  and  cover  it  with  the  same 
powder,  so  as  to  prevent  its  coming  into  contact  with  the  sides  of  the  crucible. 
Lute  on  a  cover;  and  expose  it,  for  two  hours,  to  the  roost  violent  heat  that 
can  be  raised  in  a  wind  furnace.'  Let  the  ball  be  removed  when  cold.  On  the 
addition  of  water,  it  will  evolve  great  heat,  and  the  baryta  will  be  dissolved* 
The  filtered  solution,  on  cooling,  will  shoot  into  beautiful  crystals. 

1124.  Baryta  is  of  a  grey  colour,  and  very  difScult  of  fusion ;  ProportiM. 
it  appears  to  consist  qf  70  barium  -f  8  oxygen,  and  is,  conse- 
quently, reoresented  by  78.  Its  specific  gravity  is  about  4, 
hence  the  name  of  Baryta^  as  being  the  heaviest  of  the  sub- 
stances usually  called  earths.  It  eagerly  absorbs  water,  heat  is 
evolved,  and  a  white  solid  is  formed,  containing  about  10  per 

cent,  of  water,  which  it  retains  at  a  red  heat ;  this  is  the  hydrate 
of  baryta  J  and  may  be  considered  as  a  compound  of  1  propor- 
tional of  baryta  =  78  -f  1  proportional  of  water  =  9,  and  is,  con- 
sequently, represented  by  87. 

1 125.  Hydrate  of  Baryta  dissolves  in  boiling  water,  and,  as  Hydrate, 
the  solution  cools,  deposits  regular  crystals,  which  contain  a 
large  quantity  of  water,  and  are  easily  fusible.     According  to 

Mr  Dalton,  crystallized   baryta  consists  of  1    proportional  of 
baryta,  and  20  of  water ;  if  it  be  exposed  to  air  it  efiSoresces 
into  a  white  powder.     The  aqueous  solution,  or  baryta  water ^  Boryuwa- 
is  limpid,  colourless,  and  acts  energetically  on  vegetable  blues  ^' 
and  yellows,  changing  them  to  gre^n  and  red  ;  it  rapidly  absorbs 
carbonic  acid,  and  deposits  an  insoluble  carbonate  of  baryta. 

1126.  Pure  baryta  has  a  tery  powerful  affinity  for  carbonic  Affioit:rfor 

acid.  cTbonicwnd. 

Let  a  solution  of  pure  baryta  be  exposed  to  the  atmosphere.    It  will  soon  ^.^p, 
be  covered  with  a  thin  white  pellicle ;  which  when  broken,  will  fall  to  the 
bottom  of  the  vessel,  and  be  aucceeded  by  another.    This  may  be  continued, 
tiU  the  whole  of  the  baryta  is  separated.    The  effect  arises  from  the  abforption 
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af  carbonic  acid,  which  it  alirajs  diffused  tbrotigh  the  atmosphere,  and  which 
forms  with  baryta,  a  substance,  vnr.  carbonate  of  barjta,  much  leu  tolublethan 
the  pure  earth. 

Or  if  the  air  from  the  Inngs  be  blown,  by  meane  of  a  quill,  or  tube,  through 
a  solution  of  baryta,  the  solution  will  immediately  become  milky,  in  conse- 
quence of  the  production  of  an  insoluble  carbonate.  The  samtr  effect  will  be 
produced  by  niingltug  with  a  solution  of  piwe  baryta,  a  little  water,  impregnated 
with  carbonic  acid. 

1127.  Baryta  has  so  strong  an  affinity  for  carbonic  acid  as 
even  to  take  it  from  other  bodies.  If  to  a  solution  of  a  small 
portion  of  carbonate  of  potassa,  of  soda,  or  of  ammonia  we  add 
the  solution  of  baryta,  the  earth  will  detach  the  carbonic  acid 
from  the  alkali,  and  will  fall  down  in  the  state  of  a  carbonate. 
By  adding  a  suflicient  quantity  of  a  solution  of  baryta  in  hot 
water,  the  whole  of  the  carbonic  acid  may  thus  be  removed 
from  a  carboqated  alkali  \  and  the  alkali  will  remain  perfectly 
pure.     H.  1.  602. 

1128.  As  baryta,  like  the  alkalies,  converts  vegetable  blues 
to  green,  and  serves  as  an  intermedium  between  oil  and  water,  it 
lias  been  called  an  alkaline  earth*  It  has  a  very  acrid,  caustic 
taste,  and  is  highly  poisonous.  It  exists  in  two  natural  combi- 
nations only,  namely,  as  sulphate  and  carbonate. 

1129.  When  baryta  is  heated  in  oxygen,  or  when  oxygen  is 
passed 'over  baryta,  heated  to  redness  in  a  glass  tube,  the  gas  is 
absorbed  and  a  grey  compound  is  obtained,  which  is  the  deu-- 
toxide  or  peroxide  of  barium  ;  consisting  of 

I  proportional  of  barium  70+2  oxygen  16^=86. 

1130.  By  dissolving  peroxide  of  barium  in  muriatic  acid,  and 
precipitating  by  sulphuric  acid,  M.  Thenard  succeeded  in  obtain^ 
ing  the  singular  compound  of  oxygen  and  water,  called /yeroartVe 
of  hydrogen.  (405).  The  solution  of  the  peroxide  of  Wrftim, 
and  the  subsequent  separation  of  the  protoxide  is'^repe&ied  a 
sufficient  number  of  times,  in  the  same  portion  of  dilute  muriatic 
acid  ;  sulphate  of  silver  is  then  added  to  separate  the* muriatic 
acid,  and  the  sulphuric,  which  then  becomes  its  substitute,  is 
ultimately  removed  by  baryta.  M.  Thenard,  in  his  elaborate 
essay  upon  this  new  compound,  has  shown  that  the  process, 
although  in  theory  sufficiently  simple,  presents  many  practical 
difficulties,  chiefly  arising  from  the  impurities  contained  in  the 
peroxide  of  barium. 

1131.  The  following  has  been  proposed  as  the  most  economi- 
cal process  for  preparing  the  deutoxide. 

Nitrate  of  baryta  is  to  be  put  into  a  luted  earthenware  report,  to  whioh  a 
tube  is  to  be  attached  for  the  purpo&e  of  conveying  the  liberated  jfr^ses  to  a 
'pneumatic  trough.  The  retort  is  to  be  gradually  heated  to  redness,  and  retain* 
ed  at  that  temperature  as  long  as  nitrous  nrui  and  nitrogf^n  gas  pas»  over ;  the 
evolution  of  these  indicates  that  nitrajle  of  baryta  still  remains  to  be  decern- 
posf^d,  but  the.  instant  that  pure  oxygen  gas  passtfs  off,  the  fire  is  to  be  remoyed 
and  the  retort  cooled. 

The  product  of  this  decomposition  is  a  peroxide  of  barium  ; 
it  falls  to  pieces  in  water,  without  producing  heat,  disengages 
oxygen  when  boiled  with  water,  and  is  reduced  to  a  protoxide 
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by  a  strong  heiit.  In  this  process  the  protoxide  formed  by  the 
decomposition  of  the  nitrate  being  in  contact,  at  a  red  heat, 
with  a  large  quantity  of  oxygen  in  a  nascent  state,  combines 
with  it,  and  is  retained,  unless  the  heat  be  so  high  as  to  de-. 
compose  it.* 
The  process  then  proceeds  as  follows. 

Take  a  certain  qiiantitj  of  water  (about  eight  ouDces  fWr  instance'),  and  add 
to  it  a  •ufficiancy  of  pure  and  faiuing  muriatic  acid  to  dissolve  about  230  grains 
of  baryta :  put  this  acid  liquor  into  a  glass  vessel,  which  during  the  operation  . 
must  be  surrounded  by  ice  :  then  take  about  185  grains  of  the  peroxide,  rub  it 
into  a  fine  paste  with  a  little  water  in  an  agate  mortar,  and  put  it  into  the  acid 
liquor  with  a  box-wood  spatula ;  it  soon  dissolves  without  efiervescence :  to 
this  solution  add  pure  sulphuric  acid  drop  by  drop,  stirring  it  with  a  glass  rod, 
till  it  is  in  slight  excess,  which  is  known  by  the  readiness  with  which  the  sul- 
phate falls:  then  dissolve  a  second  portion  of  the  deutoxide  and  precipitate  as 
i>efore,  taking  care  to  use  enough  but  not  too  much  sulphuric  acid.'  The  liquor 
is  now  to  be  filtered,  and  the  residue  washed  with  a  little  water,  so  as  to  keep 
up  the  original  measure  by  adding  it  to  the  first  portion :  a  second  and  third 
washing  of  the  residue  with  very  small  quantities  ^f  wnter  may  be  advisable^ 
and  these  liquors  should  be  kept  apart  for  the  purpose  of  washing  the  filters  in 
sobseqtIeRt  operations. 

A  fresh  portion  of  the  peroxide  is  then  dissolved  in  the  filtrated  liquor  and 
decomposed  as  beibre,  filtering  at  every  two  operations  and  washing  the  filter 
with  the  savings  of  the  other?.  We  thus  proceed  till  the  water  is  sufficiently 
oxygenated :  when  about  two  pounds  of  the  peroxide  have  been  consumed  the 
water  will  be  nnited  to  about  thirty  times  its  volume  of  oxygen,  which  is  as 
much  as  it  will  retain,  unless^  some  muriatic  acid  be  added,  in  which  case  M.  , 
Thenard  has  made  it  retain  125  volumes. 

When  the  water  is  sufficiently  oxygenated,  It  is  retained  in  the  ice,  and 
supersaturated  with  the  peroxide  of  barium,  which  occasions  the  separation  of 
fiooculi  of  silica  and  alumina,  coloured  with  a  little  oxide  of  iron  and  of  raas- 
ganese ;  the  whole  is  then  filtered  an  quickly  as  possible,  and  returned  into  the 
vessel  surrounded  by  ice,  the  baryta  is  separated  by  sulphuric  acid,  and  pore 
sulphate  of  fiiver  is  added  to  separate  the  muriatic  acid,  upon  which  the  liquid, 
before  nsilky,  becomes  suddenly  clear.  The  sulphuric  acid  is  ultimately  sepa* 
ratecLfay  liaryta,  the  liquor  filtered  and  placed  in  a  shallow  vessel,  under  the 
air-pO^  receiver,  containing  a  basin  of  sulphuric  acid ;  the  receiver  being 
exhausted,  the  wafer  evaporates  and  is  absorbed  by  the  acid,  while  the  peroxide 
of  hydrogen  b|jng  less  vaporisable  remains  ;  if  it  give  out  any  oxygen,  whicb 
sometimes  happens  from  its  containing  impurities,  a  drop  or  two  of  weak  sul- 
phuric acid  prevents  its  further  evolution.  The  properties  of  the  peroxide  of 
hydrogen  have  l>een  already  noticed  t  C^Q0.) 

1 1 32.  Chloride  of  Barium  may  be  obtained  by  healing  baryta  c„^,^y^  ^^ 
in  chlorine,  in  which  case  oxygen  is  evolved  :'  or  more  easily,  Barion. 
by  dissolving  carbonate  of  baryta  in  diluted  muriatic  acid.     The 

iron  and  lead,  which  are  occasionally  dissolved,  along  with  the 
baryta,  may  be  separated  by  the  addition  of  a  small  quantity  of 
liquid  ammonia,  or  by  boiling  and  stirring  the  solution  in  con- 
tact vvith  a  little  lime ;  or  which  is  still  better,  by  solution  of 
baryta  in  water.  When  filtered  and  evaporated,  the  solution 
yields  regular  crystals,  which  have  most  commonly  the  shape 
of  tables,  or  of  eight-sided  pyramids  applied  base  to  base. 

1 1 33.  These  crystals  dissolve  in  five  parts  of  water,  at  6C,  or  ^^^^^^ 
in  a  still  smaller  quantity  of  boiling  water,  and  also  in  alcohol. 
They  are  not  altered  by  exposure  to  the  atmosphere ;  nor  are 

*  Jinn,  de  Okm.  xxxvi.  Itti. 

t  Mjfdrthr&wuity  of  Baryta  fosss  by  beat,  diMohos  readilj  in  water  or  alcohoL   It  foan  eiystal- 
line  mameUsted  muses. 
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they  decomposed,  except  partially,  by  a  high  temperature.  The 
sulphuric  acid  separates  the  muriatic ;  and  the  salt  is  also  decom- 
posed by  alkaline  carbonates  and  sulphates. 

Compoiitioo.  1134.  The  dry  salt  Sir  H.  Davy  considers  as  a  compound  of  1 
atom  of  barium  =  70+1  atom  chlorine  =  36,  hence  its  repre- 
sentative number  is  106;  and  it  consists  of  chlorine  34,  barium 
66  =s  100.  By  solution  in  water  it  is  converted  into  muriate  of 
'  baryta,  each  atom  decomposing  1  atom  of  water.  H.  1«  599. 
The  taste  of  chloride  of  barium  is  pungent  and  acrid ;  when 
exposed  to  heat,  the  water  of  crystallization  separates^  and  the 
dry  chloride  enters  into  fusion. 

Chlorate  of        1135.  Chlorate  of  Baryta, — To  prepare  this  salt,  chlorine 

Baxyu.  gj^g  must  be  received  into  a  warm  solution  of  baryta  in  water, 
till  the  baryta  is  saturated.  The  solution  is  to  be  filtered,  and 
boiled  with  phosphate  of  silver,  which  decomposes  the  common 
muriate  of  baryta,  and  at  the  same  time  composes  two  insoluble 
salts,  phosphate  of  baryta  and  chloride  of  silver.  Vauquelin 
finds  the  addition  of  acetic  acid  recommended  by  Chenevix, 
objectionable,  and  that  the  compounds  of  chloric  acid  are  liable, 
if  acetic  acid  has  been  employed,  to  detonate  violently  when 
heated.  To  judge  when  enough  of  the  phosphate  of  silver  has 
been  used,  add  to  a  portion  of  the  filtered  liquor,  a  few  drops  of 
nitrate  of  silver,  which,  in  that  case,  ought  not  to  disturb  its 
transparency.  If  too  much  phosphate  of  silver  has  been  used, 
a  drop  or  two  of  muriatic  acid  will  discover  it,  and,  in  that  case, 
the  cautious  addition  must  be  made  of  some  of  the  original  solu- 
tion, set  apart  for  the  purpose,  to  which  no  phosphate  of  silver 
has  been  added.  It  is  from  solution  of  chlorate  of  baryta,  thus 
carefully  prepared,  that  chloric  acid  is  obtained  by  the  interven- 
tion of  sulphuric  acid  (328.)  H.  1.  600.  It  crystallizes  in 
quadrangular  prisms,  soluble  in  four  parts  of  water,  at  60°  ;  and 
consists  of 

compoiidon.  1  atom  of  baryta  78,  +  1  of  chloric  acid  76  =  154. 

Its  solution,  when  pure,  is  not  precipitated  by  nitrate  of  silver 
or  muriatic  acid.* 

lodato.  1136.  lodate  of  Baryta  may  be  formed  by  adding  iodine  to 

solution  of  baryta,  from  which  the  iodate  precipitates  in  the 
state  of  a  white  powder,  and  may  be  edulcorated  by  washing 
with  distilled  water.  When  strongly  heated  it  evolves  oxygen 
and  iodine,  and  baryta  remains.  It  consists  of  1  atom  baryta 
+  1  iodic  acid. 

Bjdriodate.  1137.  Hydriodate  of  Baryta  is  extremely  soluble  in  water 
and  rather  deliquescent.  It  crystallizes  in  very  small  prisms 
which  are  decomposed  by  mere  exposure  to  the  atmosphere, 
into  water,  a  salt  with  excess  of  iodine,  and  carbonate  of  baryta. 
When  ignited  in  close  vessels  it  is  converted  into  iodide  of 
barium. 

*  Iodide  of  Barium  is  easily  formed  by  acting  upon  baryta  by  hydriodio  acid,  and  evaporating  the 
toltttioD.  It  may  alao  be  formed  by  heating  baryta  in  hydriodjc  gaa ;  water  apii  iodide  of  barium 
are  the  leiulta. 


8SCT.  Yi.  Native  Sulphate  of  Baryta.  305 

1138.  Nitrate  of  Baryta  may  be  prepared   by  dissolving  Nitrate. 
the  Dative  carbonate  in   nitric  acid,*  evaporating  to  dryness, 
re-dissolving,  and  crystallizing;   it  forms  octo^drai  crystals.t 

Its  taste  is  acrid  and  astringent.  It  is  soluble  in  12  ]}arts 
of  cold  and  4  of  boiling  water ;  it  is  decomposed  by  a  bright 
red  heat,  furnishing  pure  baryta.  It  consists  of  78  baryta  +  54 
nitric  acids  132. 

If  a  moderately  strong  solution  of  the  qitrate  of  baryta  be  Action  or 
added  to  nitric  acid,  a  precipitation  of  nitrate  of  baryta  takes  Bi^^cacid. 
place,  in  consequence  of  the  abstractjion  of  water  by  the  acid  ; 
hence  in  using  nitrate  of  baryta  as  a  test  of  the  presence  of 
sulphuric  acid  in  nitric  acid,  the  latter  should  be  considerably 
diluted  previous  to  its  application. f 

1139.  Hyposulphite  of  Baryta,-^Th\s  salt  is  thrown  down  Hypomi- 
on  pouring  muriate  of  baryta  into  a  solution,  not  too  dilute,  of  ^*"^' 
hyposulphite  of  lime ;  it  is  a  white  powder,  soluble  without  de- 
composition in  muriatic  acid  ;  at  a  low  heat  it  takes  fire  and  the 
sulphur  burns  off.  When  the  solutions  from  which  it  is  precipi- 
tated are  dilute,  it  falls,  after  some  minutes,  in  small  crystalline 
grains,  followed  by  a  copious  separation  of  the  salt.§ 

1140.  Sulphite  of  Baryta  is  insoluble  in  water,  and  formed  saiputa. 
by  adding  sulphite  of  potassa  to  muriate  of  baryta. 

1141*  Sulphate  of  Baryta  is  an  abundant  natural  product;  Soiphat*. 
it  id  insoluble  and  therefore  produced  whenever  sulphuric  acid 
or  a  soluble  sulphate,  is  added  to  any  soluble  salt  of  baryta ; 
hence  the  solutions  of  baryta  are  accurate  tests  of  the  presence 
of  sulphuric  acid.  Sulphate  of  baryta  consists  of  one  propor- 
tional of  sulphuric  acid  and  one  of  baryta. 

40  sulphuric  acid  -|-  78  baryta  =  118. 

1142.  Native  Sulphate  of  Baryta f  Heathy  Spar^  or  Barose-  Native  foj- 
lenitey  is  principally  found  in  the  mines  of  Westmoreland  and  ^^^^- 
Cumberland,and  in  Transylvania,  Hungary,  Saxony,  and  Hano- 
ver. A  variety  met  with  in  Derbyshire,  is  called  cawk.  It 
occurs  massive,  and  crystallized  iii  a  great  variety  of  forms.  Its 
primitive  figure  is  a  rhomboidal  prism.  It  is  harder  than 
carbonate  of  lime,  but  n9t  so  hard  as  fluate  of  lime.  Its  specific 
gravity  is  4,7. 

When  native  sulphate  of  baryta  is  heated  it  decrepitates,  and  ums. 
at  a  high  temperature,  fuses  into  an  opaque  white  enamel :  it 
was  employed  in  the  manufacture  of  Jasper  ware  by  the  late 
Mr  Wedgwood.  When  heated  to  redness,  it  acquires  the 
property  of  phosphorescence.  This  was  first  ascertained  by 
Viucenzo  Cascariolo,  of  Bologna,  whence  the  term  Bologna  Bologna 

photphonia* 

*  If  the  artificial  carbonate  be  employed,  it  ehoold  be  previously  well  washed  with  diftilled  water, 
till  the  washings  cease  to  precipitate  nitrate  of  silver.  A  sotutinn  of  iiitrate  of  baryta  mixed  with 
one  of  nitrate  of  silver,  should  continue  perfectly  transparent.    H«  \ 

t  See  Mr  Brockets  representation  of  them  in  Jinn-  Pkilo9*  N  8.  vii-  SI* 

X  Sulpkwret  of  Barium  is  a  htomn  compound,  which  acts  upon  water  produfliaff  hf^ironlpkitrtt 
of  boTfta. 

^  Hersofaeil,  EUn,  PkOoo.  Jonmalt  i.  Sa 
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phosphorus  is  applied  to  it.*  This  kind  of  phosphorus,  after 
bein^  exposed  for  a  few  minutes  to  the  sun's  rays,  shines  in  the 
dark  sufficiently  to  render  visible  the  dial  of  a  watch.  This 
property  is  lost  by  repeated  use,  in  consequence  of  the  oxy- 
genation of  the  sulphur  \  but  it  may  be  restored  by  a  second 
calcination. 

The  artificial  sulphate  of  baryta  is  used  as  a  pigment,  under 

the  name  of  permanent  white^     It  is  very  useful  for  marking 

phials  and  jars^  in  a  laboratory.     Sulphate  of  baryta  is  sparingly 

soluble  in  sulphuric  acid. 

Mothodsof         1143.  As  the  native  sulphate  is  a  common  and  abundant 

I'ire  banta    compound,  scveral  processes  have  been  contrived  for  obtaining 

fSiphi'S?""    from  it  pure  baryta.' 

This  may  be  effected  by  redncing  tb«  crystallized  sulphate  to  a  fine  powder, 
and  heating  it  red  hot  for  half  aa  hoar  in  a  silver  crucible  with  three  part^  of 
carbonute  of  potassa,t  the  fused  mass  is  then  boiled  repeatedly  in  water,  till  it 
no  longer  affords  any  thing  soluble  in  that  liquid ;  the  insoluble  residue,  con- 
sisting chiefl?  of  carbonate  of  baryta,  may  be  digested  in  dilute  nitric  acid, 
by  which  nitrate  of  baryta  h  formed,  and  which  will  yield  the  pure  earth  by 
eipopure  to  heat.  The  following  method  has  been  recommended  by  V>t  Henry. 
The  bulphate  of  baryta  is  to  be  finely  powdered,  mixed  with  three  or  four 
times  its  weight  of  carbonate  of  potassa,  and  boiled  with  a  proper  quantity  of 
water  for  a  considerable  time,  in  an  iron  kettle,  stirring  it,  and  breaking  down 
the  hard  lumps  into  which  it  is  apt  to  run,  by  an  iron  pestle.  If  is  theii  to  be 
washed  with  boiling  water,  as  long  as  this  acquires  any  taste.  On  the  addition 
of  dilate  muriatic  acid,  a,  violent  effervescence  will  ensue,  and  a  considerable 
portion  of  the  earth,  probably  along  with  some  metals,  will  be  dissolved.  To 
the  saturated  solution,  add  solution  of  pure  baryta  in  water,  as  long  as  it 
disturbs  the  transparency  of  the  liquor.  Thi^  will  throw  down  any  metals  that 
may  be  present ;  and  the  excess  of  baryta  may  afterwards  he  precipitated  in 
the  state  of  a  carbonate,  by  a  stream  of  carbonic  acid.  Decompose  the  muri- 
atic solution  by  any  alkaline  carbonate ;  let  the  precipitated  earth  be  well 
washed  with  distilled  water ;  and  if  the  pare  baryta  is  to  be  obtained  from  it,' 

let  it  be  treated  as  directed  page  308* 

t 

*  To  prepare  this  lubstonco  tbo  native  aulphatef  powdered  after  being  ignited,  ib  to  be  formed  into 
a  paste  with  mucilage  of  gum  arabie,  and  divided  into  cylinders  or  pieces  of  one  fourth  of  an  inch 
in  thickness.  These,  after  being  dried  in  a  moderate  heat,  are  to  be  exposed  to  tho  tomperaturo 
cf  a  wind  furnace,  pieced  in  the  midst  of  the  charcoal.  When  tho  fuel  is  half  consumed,  it  must  be 
replonikhod,  and  suffered  to  burn  out-  The  pieces  will  be  found,  retaining  their  original  shapeSi 
among  the  ashes,  from  which  they  may  be  aepuated  by  the  blast  of  a  pair  of  bellows.  Tbey  most  be 
preserved  in  a  well-stopped  phial.    H.  1.  607. 

t  Sulphate  of  baryta  is  decomposed  by  alkaline  carbonates,  either  by  fusing  a  mixture  of  one  part 
'Of  tho  finely  powdered  sulphate  with  three  of  carbonoto  of  potaeaa  or  soda,  or  by  boiling  together  the 
pulverised  sulphate  and  a  solution  of  carbonate  of  potassa.  Respecting  this  decomposition  somo 
curious  bets  have  been  ascertained  by  Dulong  and  by  Mr  K-  Phillips,  When  sulphate  of  baryta 
is  boiled,  for  two  hours,  in  contact  with  precisely  its  equivalent  quantity  of  carbonate  of  potaaw, 
(that  is,  with  the  quantity  which  ought,  from  theory,  to  produce  entire  decomposition)  only  one  fourth 
of  the  sulphate  of  baryta  is  converted  into  carbonate.  Reversing  the  process,  and  boilii^  together 
equivalent  quantities  of  carbonate  of  baryta  kmI  sulphate  of  potassa  (the  mutual  decompomtion  of 
which  could  not  have  been  expected  from  tho  established  order  of  affinities)  :t  was  found  that,  out  of 
85  parts  of  carbonate  of  baryta,  57  had  boon  changed  into  sulphate.  It  is  obvious,  therefore,  that 
the  entire  decomposition  of  sulphate  of  bitryta  by  carbonate  of  potassa  con  never  be  expected,  so 
)ong  as  the  carbonate  of  baryta,  forra«d  by  the  mutual  action  of  theso  two  salts,  remains  in  contact 
with  the  eulpiiato  of  p:Uassa  generatod  at  the  same  time,  for  this  will  reconvert  the  carbonate  of  baryta 
, '  into  sulphate.    Nor  wiH  any  quantity  of  carbonate  of  potassa,  that  can  be  employod,  bo  udequata 

t6  the  vntire  decomposition  of  sulpate  of  baryta. 

Dy  this  process  carbonate  of  baryta^may,  however,  be  procured  in  sufficient  quantity  for  the  purpoaa 
of  preparing  tliC  pure  earth  and  various  salu,  when  the  native  carbonate  cannot  be  had  in  suffident 
abundonc*.    J9. 1.  006. 
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Another  method  consists  in  exposing  to  a  red  heat,  in  an  Anodwr. 
earthen  crucible,  a  mixture  of  six  parts  of  finely  powdered  sul- 
phate of  baryta,  with  one  of  powdered  charcoal,  for  half  an 
hour.  This  converts  the  sulphate  into  sulphuret  of  baryta, 
which  is  to  be  dissolved  in  hot  water,  the  solution  filtered  and 
mixed  with  solution  of  carbonate  of  soda  as  long  as  it  occasions 
a  precipitate,  which  when  washed  and  dried,  is  carbonate  of 
baryta.  Or,  by  adding  muriatic  acid  to  the  liquid  sulphuret, 
sulphur  is  thrown  down  and  sulphuretted  hydrogen  evolved, 
and  muriate  of  baryta  formed,  which  may  be  filtered  off,  and  if 
required,  decomposed  by  carbonate  of  potassa.  Or  the  sulphu- 
ret, as  it  comes  out  of  the  crucible,  may  be  {hrown  into  dilute 
nitric  acid,  by  which  sulphuretted  hydrogen  is  evolved,  and  a 
nitrate  of  baryta  formed,  which  may  be  separated  from  the 
remaining  impurities  by  copious  washingrwith  hot  water.  ^ 

1144.  PhosphuTtt  of  Barium  is  produced  by  passing  phos-  Photphant. 
phorus  over  heated   baryta  ;  there  is  an  intense  action  and  a 
phosphuret  of  a  metallic  lustre  is  obtained,  which  acts  upon 
water,  and   affoMs  a  solution    containing    Hypophosphite  of 
Baryta* 

1145.  Phosphite  of  Baryta  was  obtained  by  Berzelius  by  PhofpUtt, 
adding  muriate  of  baryta  to  phosphite  of  ammonia ;  a  crust  of 
phosphite  of  baryta  was  formed  in  24  hours,  consisting  of 

Phosphorous  acid  24,31 
Baryta  .  .  ;  .  67,24 
Waler   ....       8,45t 

1146.  Phosphate  of  Baryta.-^Vhosi^YiOTiii  acid  and  baryta  Phosphtt*. 
combine  in  various  proportions. 

'  The  first,  or  neutral  phosphate^  is  formed  by  mixing  solu- 
tions of  muriate  of  baryta  and  phoiiphate  of  soda.  An  in^soluble 
precipitate  is  obtained,  which,  when  edulcorated  and  dried  con- 
tains^ -according  to  Berzelius 

Pho9pboric  acid    31,8 
Baryta     .    .    .    68,2 

loa 

1147.  By  dissolving  phosphate  of  baryta  in  phosphoric  acid,  Bi-pbo*. 
and  evaporating  the  clear  solution,   Berzelius  obtained  white  ^^^^' 
crystals,  which  had  an  acid  taste,  and  reddened  vegetable  blues. 
They  are  probably  constituted  of  2  atoms  of  acid  -f-  1  of  base, 

and  may  be  considered  as  the  In-phosphate. 

1148.  When  a  solution  of  the  above  crystals  is  poured  into 
alcohol,  a  bulky  precipitate  falls,  which  is  white  and  tasteless. 
It  appears  to  consist  of  2  atoms  of  base  and  3  of  acid,  or  1  of 

the  former  and   li  of  the  latter,  and  hence  may  be  called  a  soAqui  pho^ 
sesqui'phosphate.X     H.  1.  60^.  ?»»"»«• 

*  Hfp0ph»spkite  of  BarjftUy  like  the  other  bypophosphites,  ic  very  soluble  and  scarcely  crystal- 
lizable- 

t  Jinn-  de  Chim.  tt  Pkg«.  ii.  331. 

it  Beflides  tbo'  above,  Berzelius  has  described  two  sub  phosphates  of  baryta.-  ^nn.  of  Philoo, 
XV.  277. 
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C«rboD«t«. 


NaUT«. 


■•lemate- 


Farro-cyan- 
ato. 


Cbaraetori  of 
tbd  saltBof 
baryta. 


Ferro^fyanate  of  Baryta.  chap.  it. 

1149.  Carbonate  of  Baryta  is  found  native.  Artificially 
produced,  it  is  a  white  compound  insoluble  in  water,  containing 

2t2  carbonic  acid  -|-  78  bar>  ta  =s  100. 

It  is  poisonous. 

1150.  Native  carbonate  of  bai:yta  was  first  discovered  at 
Anglesark^  in  Lancashire,  by  Dr  Withering,  and  hence  acquir- 
ed the  name  of  fVitherite,  It  is  useful  as  a  source  of  pure 
baryta  and  its  salts,  and  though  not  soluble  in  water,  is  poison- 
ous. It  dissolves  very  sparingly  in  solution  of  carbonic  acid, 
whence  the  superiority  of  baryta  water  to  lime  water  in  some 
cases  as  a  test  of  carbonic  acid. 

The  native  carbonate  of  baryta  is  much  more  difiScult  of  de- 
composition by  heat  than  the  artificial. 

Dr  Henry  recommends  the  following  process. 

Let  the  natiye  carboDate  be  powdered  and  pasted  through  a  fine  sieve. 
Work  it  up  with  about  an  equal  bulk  of  wheaten  flour  into  a  ball,  adding  a 
sufficient  quantity  of  water.  Fill  a  crucible  of  proper  size,  about  one  third  it« 
faeij^ht,  with  powdered  charcoal ;  place  the  ball  on  this ;  and  surround  and 
cover  it  with  the  same  powder^  so  as  to  prevent  its  coming  into  contact  with 
the  sides  of  the  crucible.  Lute  on  a  coyer ;  and  expose  it,  for  two  hours,  to  tb« 
most  violent  heat  that  6an  be  raided  in  a  wind  furnace.  Let  the  ball  be 
removed  when  cold.  On  the  addition  of  water,  it  will  evolve  great  heat,  and' 
the  baryta  will  be  dissolved.  The  filtered  solution,  on  cooling,  will  shoot  into 
beautiful  crystals. 

1151.  Seieniate  of  Baryta,  Selenicacid  is  capable  of  unit- 
ing with  baryta  in'  two  proportions.  The  neutral  salt,  which 
is  insoluble,  consists  of  100  acid  +137,7  base  ;  the  biseleniate 
which  crystallizes  in  round  transparent  grains,  and  is  soluble 
in  water,  is  composed  of  100  acid  -|-  ^^  base.* 

1152.  FerrO'Cyanate  of  Baryta  may  be  formed  by  adding 
Prussian  blue  to  a  heated  solution  of  bar}ta  in  water,  till  it 
ceases  to  be  discoloured.  The  filtered  solution  deposits  yellow- 
ish crystals,  which  have  the  figure  of  rhomboidal  prisms,  and 
are  soluble  in  1920  parts  of  cold,  or  100  parts  of  boiling  water. 
They  dissolve  in  nitric  and  muriatic  acids.     They  consist  of 

Acid .     34,31    ' 

fafte     ........    49,10 

Water 16,59 

100.     H.  1.  608. 

1153.  The  soluble  barytic  salts  furnish  white  precipitates  of 
carbonate  and  sulphate  of  baryta,  upon  the  addition  of  carbonate 
or  sulphate  of  soda.  They  give  a  yellow  tinge  to  the  flame  of 
spirit  of  wine.  The  sulphate  is  insoluble  in  nitric  acid  and  ia 
the  alkalies. 

Nearly  all  the  barytic  compounds  are  poisonous ;  the  safest 
antidote  is  solution  of  sulphate  of  soda,  or  dilute  sulphuric  acid.t 
The  muriate  of  baryta  h^s  been  employed  in  medicine,  but  the 
principal  use  of  baryta  is  in  the  chemical  laboratory.  It  is 
possible  that  pure  baryta  might  be  economically  used  for  the 
decomposition  of  sulphate  of  soda,  to  obtain  the  pure  alkali. 

*  Borate  of  Baryta  is  an  insoluble  white  powder. 
tOrfilA,  Traiti  it  PoiMtmtt  Tom.  i.  8mo.  p.  167. 
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Section  VII.     Strontium. 

1154.  This  metal  is  procured  from  the  earth  strontia  by  the 
same  process  as  barium,  which  metal  it  resembles  in  appearance. 

1 155.  Protoxide  o/  Strontium ^  or  the  ezrih'^  Strontiaj  is  so  strooiia. 
called  from  Strontian  in  Scotland,  wliere  it  was  first  discovered 

in  combination  with  carbonic  acid.  It  may  be  prepared  either  How  obtain- 
by  subjecting  the  carbonate  to  a  strong  heat  in  a  crucible,  or  by 
igniting  the  nitrate  in  a  porcelain  retort  or  other  close  vessel. 
A  grey  substance  remains  which  becomes  very  hot  on  the  affu- 
sion of  water ;  and  when  more  water  is  added  and  heat  applied, 
a  considerable  proportion  of  the  earth  is  dissolved.  On  cooling, 
the  solution  deposits  regular  crystals;  but  the  shape  of  these' 
differs  considerably  from  that  of  barytic  crystals.  The  crystals 
of  strontia  are  thin  quadrangular  plates,  sometimes  square, 
oftener  parallelograms.  Their  primary  form  is  a  right  square 
prism.*     H.  1.  609. 

1156.  According  to  Stromeyer,  Strontia  consists  of  1  pro-  compMition. 
portional  Strontium  44  -|- 1  oxygen  d  =  52. 

1157.  Pure  strontia  has  a  pungent,  acrid  taste,  and  when  properUei. 
powdered  in  a  mortar,  the  dust  that  rises  irritates  the  lungs, 

and  nostrils.  Its  specific  gravity  approaches  that  of  baryta.  It 
requires  about  51^  parts  of  water  at  60^  for  solution,  but  boiling 
water  takes  up  half  its  weight.    On  cooling,  the  crystals  separate. 

1158.  The  crystals  of  strontia  give  a  blood  red  colour  to  the 
flame  of  burning  charcoal.  The  solution  of  strontia  changes 
the  vegetable  blues  to  a  green. 

1159.  Strontia  does  not  combine  with  alkalies.  Baryta  has 
no  afiBnity  for  it,  for  no  precipitation  ensues  on  mixing  the 
watery  solutions  of  the  two  earths.     H. 

1160.  Chloride  of  Strontium  may  be   formed  either  by  chiorido. 
heating  strontia  in  chlorine  gas  which  disengages  oxygen  ;  or 

by  dissolving  carbonate  of  strontia  in  muriatic  acid  and  evapo- 
rating to  dryness.  It  consists  of  1  proportional  strontium  44 -f- 
1  of  chlorine  36  =i  80. 

1161.  The  chloride  may  be  converted  into  muriate  by  the  Muriate. 
action  of  water.  It  crystallizes  in  long,  slender  hexagonal 
prisms,  which  are  soluble -in  two  parts  of  water  at  60^  and  to 
almost  any  amount  in  boiling  water.  In  a  very  moist  atmos- 
phere they  deliquiate.  They  dissolve  in  alcohol  and  communi- 
cate to  its  flame  a  blood  red  colour.t 

*  Brooke  in  ^m.  of  Pkiloa.  N.  S.  vii.  9B7. 

t  Chlorate  of  Strontia  may  be  ot>taiiMMl  by  the  direet  aetion  of  chloric  acid  on  carbonate  of  strontia.  Chlorate. 
It  i«  a  deliqueeeent  saltf  having  an  aatrinfent  taate.    It  detonates  when  thrown  upon  red-hot  coali 
with  «  boautifui  purple  light 

lodido  of  StrofKimm  may  be  (brmed  as  iodide  of  barinm  (p  968).    DissoWed  in  water,  ^nd  carefolly  Iodide, 
evaporated,  it  furnishes  delicate  prismatic  crystab  of  ^ffdnWote  ^  Strontia^  which,  heated  in  close 
VQsselSf  fuses,  and  becomes  iodide  of  strontitun  by  ioas  of  water. 

lodate  of  Strontia  u  a  very  difllcuIUy  soluble  compoood ;  it  is  resolved  at  a  red  heat  into  oxygen, 
iodine  and  strontia' 
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Sulphate  of  Strontia. 


CBAP.  XT» 


Bulplinret  of 
Stroiitiuiu. 


pli  \K  (,i 


Nitrate.  116«.  Nitrate  of  Strontia  may  be  obtained  in  the  same  man- 

ner as  the  nitrate  of  baryta  Its  taste  is  pungent  and  cooling.* 
Its  crystals  are  dissolved  by  their  own  weight  of  water  at  60°, 
or  by  little  more  than  half  their  weight  of  boiling  water.  When 
applied  to  the  wick  of  a  candle,  or  added  to  boiling  alcohol,  they 
communicate  to  the  flame  a  deep  blood  i*ed  colour.  They  are 
decomposed  by  a  high  temperature,  and  afford  pure  strontia. 
Exclusive  of  water,  the  salt  consists,  according  to  Stromeyer,  of 
50,fe2  acid  +  49,38  base.t     H.  1.  611. 

1163.  Sulphuret  of  Strontium  may  be  formed  by  fusing  3 
parts  of  dry  strontia  and  1  of  sulphur  in  a  green  glass  tube ;  or 
by  exposing  the  powdered  sulphate  to  a  red  heat  with  charcoal. 
It  d^solves  in  water  with  the  same  phenomena  as  sulphuret  of 
potassa,  and  its  solution  furnishes,  by  cautious  evaporation, 
crystals  of  hydrosutphuret  of  strontia, 

1164.  Hyposulphite  of  Strontia  is  formed  by  passing  sul- 
phurous acid  into  the  liquid  sulphuret :  it  crystallizes  in  rhom- 
boids permanent  at  common  temperatures  and  soluble  in  about 
1^  times  its  weight  of  water.  According  to  Mr  Herschel,  this' 
salt  is  doubly  refractive.  Its  taste  is  bitter,  and  it  is  insoluble 
in  alcohol. 

Sulphate.  1165.  Sulphate  of  Strontia  occurs  native.     It  is  nearly  in- 

soluble, 1  part  requiring  4000  of  water  for  its  solution.  (3840 
boiling. ^H.)  When  heated  with  charcoal,  its  acid  is  decom- 
posed, and  sulphuret  of  strontia  is  formed,  which  affords 
nitrate  by  the  action  of  nitric  acid.  This  process  equally  prac-. 
ticable  upon  sulphate  of  baryta  (1013),  is  sometimes  adopted  to 
obtain  the  earth.  Sulphate  of  strontia  dissolves  in  hot  sulphuric 
acid,  but  is  thrown  down  upon  adding  water.     It  consists  of 

55  Strontia  +  40  Acid.J 

Nativo.  1166.  The  Native  Sulphate  of  Strontia  is  sometimes  of  a 

blue  tint,  and  has  hence  been  called  celestine.  Sometimes  it  is 
colourless  and  transparent.  Fine  crystallized  specimens  are 
accompanied  with  native  sulphur,  from  Sicily. 

Magnificent  crystals  are  found  on  Strontian  Island  in  Lake 
Eric.§  II     Its  specific  gravity  is  3,2.     As  the  native  carbonate 

*  Thtf  salt  is  used  in  the  redjire  employed  at  the  theatreii  which  consiatt  of  40  parts  of  dry  nitratfl 
of  Btrootia,  13  powdered  sulphur  5  of  chlorate  of  potassa,  and  4  of  sulphuret  of  oiitimouy.  The 
chlorate  and  sulphuret  should  be  separately  pov^dered,  and  mixed  toother  ou  paper  with  the  othrr 
ingrcdionts ;  a  very  small  quantity  uf  powdered  charcoal  may  also  bo  added. 

t  The  forms  of  the  crystals,  and  also  of  auotlicr  variety  which  is  aohydroas,  have  beon  given  by 
Mr  Brooke  in  Jinn,  of  Phihs.  N.  S.  vii.  388. 

I  According  to  a  considerable  majority  of  the  chemists  who  have  analyzed  it,  suliihate  of  strontia 
consists  uf  « 


Acid    -    - 
Strontia  • 


4-2    - 
66    - 


100 

13d 


100  S38 

From  these  numbers  its  equivalent  has  been  deduced  by  Dr  Wollaslon.    But  Vaaquoltn  has  stated, 
that  it  is  composed  of  46  acid  and  54  base,  and  Stromeyer  of  43  acid  and  57  btwe.    Tho  theoretical 
coiwtitution  of  1  atom  of  acid  ^  1  of  base  would  require  it  to  consist  of  43,47  acid  ..1.56,53  of  base.  H. 
<\  Discovered  by  Major  Jas.  Delafield*    Soo  j9m«r.  Jour,  of  Scietice^  vo)«  iv.  p.  979. 
II  HtfpopkoaphUe  of  Strontia  has  b«en  examine  J  by  Dulong:  it  is  a  very  soluble  and  difficultly 
cr\x' -ill! /able  valt. 
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is  rather  scarce,  this  compound  may  be  advantageously  employ- 
ed for  procuring  artificial  carbonate  of  strontia.  The  process 
is  precisely  similar  to  that  for  decomposing  the  sulphate  of 
baryta. 

1167.  Phosphate  of  Strontia  may  be  formed   by  mixing  phnphtt*. 
solutions  of  muriate  of  strontia  and  phosphate  of  soda.     It  is 
insoluble  in  water,  but  soluble  in  an  excess  of  phosphoric  acid ; 

it  is  fusible  by  the  blow-pipe  into  a  white  enamel;  and  decom- 
posable by  sulphuric  acid.  By  igniting  it  with  charcoal,  phoS' 
phtiret  of  strontium  is  obtained.  It  consists  of  Lproportional 
of  strontia  -f- 1  of  acid.*     B. 

1168.  Carbonate  of  Strontia. — The  relation  of  strontia  to  carbonata. 
carbonic  acid  resembles,  very  nearly,  that  of  baryta,  and  similar 
experiments  may  be  made  with  its  solution. 

1169.  Carbonate  of  strontia  is  found  native,  and  was  first  dis-  DiKOTery. 
covered  in  1787  at  Strontian  in  Scotland,  whence  the  name  of 

this  earth.t 

1170.  The  native  carbonate  of  Strontia  has  a  greenish  tint^  noUvo. 
and  occurs  in  radiated  masses,  and  sometimes  in  acicular  and 
liexaedral  crystals.     Its  specific  gravity  is  3,6. 

1171.  The  carbonate  of  strontia  requires  for  solution  1536  PmperUn 
parts  of  boiling  water.     The  artificial  carbonate,  according  to  JSn.^**"'***" 
Stromeyer  j:  does  not  essentially  contain  any  water.     It  consists 

of 

Strontia    .    .    •    .    70,313  or  lOO 
Carbonic  acid    .     .    S9,687         43,22 

100. 

These  scarcely  differ  from  its  theoretical  proportions,  viz.  1 
proportional  strontia  52,  +  1  carbonic  acid  22  =  74. 

When  strongly  heated  with  charcoal  powder,  it  is  decom-     * 
posed,  carbonic  oxide  is  given  off,  and  pure  strontia  remains.§ 

1172.  There  is  in   many  respects  a  resemblance   between 
strontia  and  baryta'which  has  led  to  confusion  in  analysis. 

The  following  are  some  of  the  most  striking  points  of  resem- 
blance.    They  are  both  found  native  in  the  states  of  sulphate  Points  of  »- 
and  carbonate  only  ; 'both  sulphates  are  soluble  in  excess  ofJX^J** 
sulphuric  i|cid,^and  nearly  insoluble  in  water;  they  are  decom-  JJ[l",Si^**' 
posable  by  similar  means,  as  well  as  the  native  carbonates :  they 
ar^  both  crystal lizable  from  their  hot  aqueous  solutions,  and 
both  attract  carbonic  acid.      The  carbonates  are  each   soluble 
with  effervescence  in  most  of  the  acids  ;  but  the  native  carbo- 
nates are  not  so  easily  acted  on  as  the  artificial.     Pure  ammonia 
precipitates  neither  one  nor  the  other. 

■    .    ■■  ■  ■  II. 

*  Aecordins  to  Btromeyer  it  connist*  of  Acid  36,565 

Base  63,435 

100. 
t  It  wot  fint  oxaminod  by  Prp1««ior  Hope  of  Edinburgh  in  1791.    Ilif  exporimonti  are  detailed  in 
tho  PkU09opkical  Tranatutitms  of  the  Hoyal  Soeittf  of  Edinburgki  vok  iv.  p.  44. 
t  ^%n.  dt  Ckim.  et  Phj/t.  iii.  396. 
%  Borau  of  Str»nUa  waa  fonned  by  Dr  Hope.    It  if  a  white  powder,  eohible  in  130  parte  of  water. 
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The  following  are  essential  distinctions.  Baryta  and  ail  its 
salts,  except  the  sulphate,  are  poisonous.  The  corresponding 
strontitic  salts  are  innocent.  Baryta  tinges  flame  yellow;  stron- 
tia,  red.  Strontia  has  less  attraction  for  acids  than  baryta, 
hence  the  strontitic  salts  are  decomposed  by  baryta.  The 
greater  number  of  the  barytic  salts  are  less  soluble  than  those 
of  strontia,  and  they  differ  in  their  respective  forms  and  solu- 
bilities. Pure  baryta  is  ten  times  more  soluble  in  water  than 
pure  strontia.  Baryta  forms  with  silicated  fluoric  acid  a  crys- 
talline insoluble  precipitate,  but  strontia  forma  with  it  a  very 
soluble  fluate  of  strontia  and  silica.* 


Section  VIII.    Magnesium. 

1173.  The  metallic  base  of  magnesia  has  not  hitherto  been 
obtained  ;  but,  when  that  earth  is  negatively  electrized  with 
mercury,  the  resulting  compound  decomposes  water,  and  gives 
rise  to  the  formation  of  magnesia.  From  the  properties  of  the 
amalgam  it  appears  that  it  is  a  white  solid  metal  heavier  than 
water,  and  highly  attractive  of  oxygen. 

Magnetio.  1 174.  Mognesia  or  Oxide  of  Magnesium  is  concluded,  from 

indirect  experiments,  to  consist  of  12  metal  -f-  8  oxygen  ;  its 
representative  number,  therefore,  is  20.  It  may  be  procured 
by  exposing  the  carbonate  of  magnesia  to  a  red  heat.  Mag- 
nesia is  a  white  insipid  substance,  which  slightly  greens  the  blue 
of  violets.  Its  specific  gravity  is  2,3  ;  it  is  almost  infusible  and 
insoluble  in  water.  Prof.  Brande  dnce  succeeded  in  agglutinat- 
ing a  small  portion  of  this  earth  in  the  voltaic  flame,  and  whilst 
exposed  to  this  high  temperature,  it  was  perfectly  fused  by 
directing  upon  if  the  flame  of  oxygen  and  hydrojs^en.  A  mix- 
ture of  magnesia  and  lime  is  scarcely  more  fusible  than  the  pure 
earth.  It  does  not  absorb  carbonic  acid  or  moisture^  as  is  the 
case  with  the  other  alkaline  earths. 

Magnesia  is  by  no  means  a  rare  production  of  nature,  for 
though  "^^ry  seldom  found  in  a  state  approaching  to  purity,  yet 
it  enters  largely  into  some  rocks  that  compose  extensive  forma- 
tions, such  as  serpentine,  steatite,  &c. :  and  in  combination  with 
sulphuric  and  muriatic  acids  it  forms  a  large  proportion  of  the 
ingredients  of  sea-water.     Its  principal  use  is  in  medicine. 

1175.  Native  Hydrate  of  Magnesia  is  found  at  Hoboken,' 
\t\  New  Jersey,  its  colour  is  white  inclining  to  green  ;  its  texture 
lamellar  and  soft.  It  is  dissolved  in  acids  without  effervescence, 
and  consists  of  70  magnesia,  30  water. 

oworide.  1176.  Chloride  of  Magnesium  may  be  obtained  by  passing 

chlorine  over  red-hot  magnesia;  oxygen  is  expelled,  and  a  sub- 

^  III'  ■  .  11.  m     *  •  I  I  I   .    ,     ■■  I  .  — ■ 

*  Ann.  dt  Chim,  xzvii.  301. 
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stance  obtained  which  moislure  converts  into  muriate  of  mag- 
nesia. 

1 1 77.  Chloride  of  Magnesia  may  be  prepared  by  passing  caiioridei 
chlorine  gas  into  water,  in  which  magnesia  is  kept  mechanically 
suspended,  or  by  the  mixture  of  solutions  of  chloride  of  lime 

and  sulphate  of  magnesia. 

It  is  of  use  in  some  of  the  processes  of  bleaching  and  calico  Uiat. 
printing.     H.  1.  615.* 

1178.  Muriate  of  Magnesia  is  very  deliquescent,  and  diffi-  Moriate, 
cultly  crystallized.     Its  solution  has  a  bitter  saline  taste.     Ex- 
posed to  heat  and  air,  muriatic  acid  flies  off  and  the  magnesia 
remains  p«ire.     It  consists  of  I  atom  inuriatic  acid,  I  magnesia 

and  5  atoms  water. 

117^.  Muriate  of .  Magnesia  is  found  in  a  few  saline  springs,  in  lea•wtt0^ 
and  constitutes  about  one  eighth  of  tKe  solid  ingredients  of  the 
water  of  the  ocean.t     By  evaporating  a  pint  of  sea-water  we 
obtain 

CoiDiDon  Salt  .  .  .    180,5  grs.     Sulphate  of  Ma«neeia  .  .  .  "^^^^X  aao  y^       OUwrialtsIa 
Muriate  of  Magnesia  23  Sulphate  of  Lime 7,1  $  ™''+       wa-watef 

The  average  specific  gravity  of  sea-water  is  l',026  or  1,098. 
It  freezes  at  about  2Sj5^j  and  does  not  appear  materially  to 
differ  in  composition  in  different  latitudes,  provided  it  be  taken 
from  a  8u£Bcient  depth.  Near  the  mouths  of  rivers,  and  in  the 
vicinities  of  melting  ice  or  snow,  its  composition  will  of  course 
vary.§  ■ 

1180.  Hydriodate  of  Magnesia  is  deliquescent  and  abandons  Hydriodate, 
its  acid  when  heated.     When  iodine  is  heated  along  with  mag- 
nesia and  water,  both  hydriodate  and  iodate  of  magnesia  are 
formed.     By  concentrating  the  solution^  both  salts  are  partly 
decomposed ;  and  a  flocculent  iodide  of  magnesia  is  formed,  iodide, 
which  vfrhen  heated,  loses  part  of  its  iodine,  and  is  changed 

into  a  sub-iodide.     H.  1.  616. 

1181.  Nitrate, of  Magnesia  may  be  prepared  by  dissolving  Nitwta, 
cairbonate  of  magnesia  in  diluted  nitric  acid*  The  solution, 
when  evaporated,  yields  crystals  in  the  shape  of  prisms,  with 
four  oblique  faces  truncated  at  their  summits.  Most  commonly, 
however,  it  forms  a  shapeless  mass,  consisting  of  an  immense 
number  of  small  needle-shaped  crystals,  crossing  each  other 
irregularly.  These  crystals  deliquiate  in  the  air,  and  are  solu- 
ble in  half  their  weight  of  water.     When  exposed  to  the  heat 

of  ignition,  they  fuse ;  a  few  bubbles  of  oxygen  gan  first  escape ; 
and  the  nitric  acid  then  passes  undecomposed.  The  salt  con- 
tains, according  to  Thomson,  1  atom  of  nitric  acid,  1  of  mag- 
nesia and  6  atoms  of  water. 

-      -  -     - 

*  H^drobromate  9f  Magnuia  a  deliqaescent  and  uocryBtillizable,  and  is  deeompoiod  by  aa 
elevated  temperatare. 
t  PhOo*.  Trmu.  1810. 

X  Murray's  Analysis  of  SsarWuUt^  EdtuHrgh  PkU,  Trmt».  Yol.  viii.  p.  909^ 
^  Lkiormt§  of  Magnetut  is  a  bitter  deUqiie«Cfintsali> 

40 


314 


Sulphate  of  Magnesia. 


CHAP.  IT. 


AmiDonio- 
I^itrata. 


Bnlpharot 


H^poial- 
pbiu. 
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CompoBition. 


How  obtain- 
ed. 


Eptom  fait. 


1182.  ^mmpnio- Nitrate  of  Magnesia  may  be  obtained  by 
evaporating  a  mixed  solution  of  nitrate  of  ammonia  and  nitrate 
of  magnesia  ;  it  forms  prismatic  crystals  of  a  bitter  acrid  taste, 
soluble  in  about  11  parts  ef  water  at  60^,  and  less  deliquescent 
than  their  component  salts  separately.* 

1183.  Sulphuret  of  Magnesia, — Sulphur  and  magnesia  do 
not  appear  to  form  a  complete  sulphuret,  for  when  melted 
together  the  conipound  does  not  dissolve  in  water ;  and  when 
heated  the  sulphur  burns  off.t 

,1184.  Hyposulphite  of  Magnesia  may  be  formed  by  boiling 
flowers  of  sulphur  in  solu'tion  of  sulphite  of  magnesia  ;  it  is 
bitter,  very  soluble,- but  not  deliquescent.^  Being  more  soluble 
in  hot  than  cold  ^ater,  it  readily  crystallizes  as  its  solution 
cools ;  heated,  it  burns  yyiiYi  a  blue  flame,  and  by  a  sufficient 
continuance  of  the  heat',  the  whole  of  the  acid  is  expelled,  and 
magnesia  remainjs.:]: 

1185.  Sulphate  of  Magnesia  is  a  commonly  occurring  com- 
pound of  thi»  earth,  mu^h  used  in  medicine  as  an  aperient.§ 
It  is  largely  consumed  in  the' preparation  of  carbonate  of  mag- 
nesia. The  primary  form  of  the  crystals  is  a  right  prism  with 
a  rhombic  base.  Its  taste  is  bitter.  It  is  soluble  in  its  own 
weight  of  water  at  60^.  When  exposed  to  a  red  heat,  it  loses 
its  water  of  crystallization,  amounting  to  about  50  per  cent,^ 
but  is  not  decomposed^     It  consists  of 

Ma^esia     .    .    •    20    .     .     .    Sulphuric  acid  40  =  60. 

In  its  crystallized  state,  it  may  be  considered  as  composed  of 
1  proportional  of  dry  sulphate  +  7  proportionals  of  water,  of  60 
sulphate  -f-  63  water  t=  183. 

118^.  This  salt  is  usually  obtained  from  sea-water,  the  residue 
of  which,  after,  the  separation  of  common  salt,  is  known  by  the 
name  of  bittern,  and  contains  sulphate  and  muriate  of  magnesia  ; 
the  latter  is  decomposed  by  sulphuric  acid  :  a  portion  of  muriate 
of  magnesia  often  remains  in  the  sulphate  and  renders  it  deli- 
quescent :  it  is  also  occasionally  obtained  from  saline  springs ; 
and  sometimes  by  the  action  of  sulphuric  acid  on  magnesian 
limestone.  It  was  once  procured  from  the  springs  of  Epsom  in 
Surrey,  and  hence  called  Epsom  salt.  It  has  b^en  found  native, 
constituting  the  bitter  salt  and  hair  salt  of  mineralogists :  it 
not  unfrequently  occurs  as  a  fine  capillary  incrustation  upon  the 
damp  walls  of  cellars  and  new  buildings. 


*  Foarcroy,  Jlnnales  do  Ckimie,  iv.  215. 

t  Hfdro  gulphurct  of  Magnesia. — Magnesia  ii  soluble  in  water  impregnated  wiih  aolphureltcii 
hydrogen,  but  the  properiics  of  the  compound  have  not  been  investigated.    H. 
flduhite.  ^  Sulphite  of  Magnesia  Is  prepared  by  passing  sulphurous  acid  through  water  containing  diffused 

magnesia.    It  forms  tetraedral  crystals  soluble  in  80  parts  of  water  at  60^. 

^  When  highly  ctincoatmted  sulphuric  acid  is  suddenly  added  to  fresh  prepared  and  pure  magneaia, 
▼ery  great  heat  and  vapour  are  excited,  aecompaiued  frequently  with  an  eztrifiation  of  light ;  on 
appearance  first  observed  by  Wostrumb.  But  if  the  carbonate  of  magnesia  be  add^  to  diluted  sulpha- 
rie-acid,  the  carbonic  acid  is  expelled,  and  a  solution  of  sulphate  of  magnesia  ta  formedi  which 
crystallises  on  evaporation  and  cooling.    H« 
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1187.  The  sulphate  of  magnesia  of  commerce  hi  occasionally  Adniteration, 
adulterated  with  small  crystals  of  sulphate  of  soda ;  the  fraud  is  '>o«^d«^««*- 
detected  by  the  inferior  weight  of  the  precipitate,  occasioned 

by  adding  carbonate  of  potassa ;  100  parts  of  pure  crystallized 
sulphate  of  magnesia  furnishing  a  precipitate  of  about  40  parts 
of  dry  carbonate.* 

1188.  Ammonia-Sulphate  of  Magnesia  may  be  obtained  g^^itJT 
by  pouring  ammonia  into  a  solution  of  the  sulphate  of  magnesia/ 

in  which  case,  part  only  of  the  magnesia  is  thrown  down»  the 
remainder  forming  with  the  sulphate  of  ammonia  this  triple  salt. 
It  consists  of  60  sulphate  of  magnesia,  56. sulphate  of  ammonia 
and  63  water. t 

« 

1189.  Phosphate  of  Magnesia  is  formed  by  addiog  the  car-  Ph««p»»ftt*. 
bonate  of  magnesia  to  phosphoric  acid  ;  or  by  mixing  solutions 

of  phosphate  of  soda  and  sulphate  of  magnesia ;  no  immediate 
change  ensues,  but,  after  a  few  hours  large  transparent  crystals 
of  phosphate  of  magnesia  make  their  appearance  in  the  solution. 
The  crystals  require  15  parts  of  cold  water}  but  a  smaller  pro- 
portion of  boiling  water,  for  solution.  They  effloresce  in  the 
air,  and,  when  heated,  leave  a  dry  powder,  which  is  fusible  into 
a  transparent  glass.  They  are  constituted  of  1  atom  of  acid,  1 
of  base,  and  7  of  water.§     H.  1.  619.  . 

1190.  JimmoniO'phosphate  of  Magnesia  is  formed  by  mix-  Ammonio- 
ing  the  solutions  of  phosphate  of  ammonia,  and  phosphate  of  ^  ^^  ^*^' 
magnesia;  on  any  other  soluble  salt  with  base  of  that  earth. 

It  falts  down  in  the  form  of  a  white  insoluble  powder ;  but$  ia 
certain  varieties  of  urinary  calculi,  it  is  found  lining  cavities  of 
the  concretipns,  in  a  distinctly  crystallized  form,  and  it  is  de-  , 

posited  in  crystals  on  the  sides  of  vessels  in  which  urine'is  long 
kept.  It  is  tasteless,  and  scarcely  soluble  in. water,  but  readily 
soluble  in  dilute  acids.  Exposed  to  a  high  temperature  it  falls 
into  powde^,  evolves  ammonia,  and  fuses  with  difficulty.  Ac- 
cording to  Fourcroy,  it  contains  equal  weights  of  phosphate  of 
ammonia,  phosphate  of  magnesia,  and  water. || 

^— — ^  '  ■  —  —  ^ ■    ■  ■      ■  ■■■■       ■    »  ■- —    — .—    — —         -  —  —  .— — -     -—  *"  — ^-.^»    i.ii  1  a 

*  Much  of  tho  ftulphate  found  in  the  shop*  confaini  Bonie  muriate  of  onagneria,  whicb  rendera  h 
deliqaeiceat,  and  conteqnently,  it  roqairas  to  be  pteaerTed  in  cIom  covered  jara.  It  ia  oftan 
adulterated  with  Glauber's  salt,  which  it  made  to  resemble  Epsom  salt,  by  stirring  it  briskly,  when  it 
ia  about  to  orystalUxo.  It  may  be  detected  by  precipitating  the  magnesia  by  pure  ammonia,  aiding 
by  beat ;  filtering  and  evaporating  the  filtered  fluid  to  dryness  by  a  beat  suflScient  to  volatilize  the 
aulpbate  of  ammonia ;  if  it  contains  Glauber's  salt  the  soda^will  remain  fixed.  Or  it  may  be  deteotod 
by  lao  precipitation  ensuing,  on  adding  carbonate  of  potassa  to  tlbe  solution.  Muriate  of  lime  is 
detected  by  the  oxalic'acid.— -Thunuon's  Lond.  Visp.  407. 

t  TTkemspn. 

X  According  to  late  experimeata  of  Mr  CSrafaam  one  grain  €(f  the  anhydrous  phosphate  requires  ft>r 
aolotion  744  grains  of  water  at  45^  F.  and  1151  grains  of  boiling  w&ier.~BrewBter'B  Jnv.  ziv.  98L 

^  Tkomson- 

4t  To  separate  magnesia  from  other  eartha,  Dr  WoHaston  availed  himself  of  the  formalion  of  thii  Dr  WoDaa* 

triple  phosphate.    A  mixture,  for  ioatanoe,  of  lime  and  magnesia  may  be  dissolvedln  muriatic  acid;   ton's  method 

and,  upon  tho  addition  of  bi-carbooate  of  ammonia,  the  lime  is  thrown  down  in  tho  state  of  carbonate,  "^  Mpu &<iQf 

■  magnesia. 

'  but  the  magn^a  is  retained  by  the  excess  of  carbonic  acid.    Filter  and  add  a  aaturated  solution  of  / 

phosphate  of  soda,  and  in  a  short  tinte  the  ammonio  magnesian  phosphate  falls  down,  1(10  grains  of 

which  are  equivalent  to  about  90  of  magnesia.    In  occasionnljy  employing  this  process,  however,  I 

have  never  been  able  to  throw  down  the  whole  of  the  magnesia,  a  portion  being  under  alJ  cireum*' 

stftuoes  retained  in  solatioii«— francs. 


316 


Carbonate  of  Magnesia. 


CHAP.  IT. 


Oarbonato. 


Froeenfor 
obuioing. 


SoeompoMd 
by  aeida  and 
h«at. 


1191.  Carbonale  of  Magnesia,-^Pixre  magnesia  does  not 
attract  carbonic  acid  with  nearly  the  same  intensity  as  lime. 
Hence  magnesia  may  be  exposed  to  the  air  without  any  im- 
portant change  in  its  properties,  or  much  increase  of  weight, 
unless  the  exposure  be  long  continued,  when  it  first  becomes 
a  hydrate  by  absorbing  water,  and  then  attracts  carbonic  acid 
from  the  atmosphere. 

The  carbonate  of  magnesia  of  the  shops  is  prepared  by  mix- 
ing together  concentrated  and  hot  solutions  of  carbonate  of 
potassa  and  sulphate  of  magnesia.  The. sulphate  of  potassa  thus 
formed  is  removed  by  copious  washing  with  water,  and  the  car- 
bonate of  magnesia  is  then  dried.  The  proportions  employed 
are  filtered  solutions  of  4  parts  of  the  crystallized  sulphate  and  3 
of  the  carbonate  of  potassa.  One  hundred  parts  of  the  desiccat- 
ed sulphate  give  about  71  of  carbo/iate  of  magnesia,  or  about  33 
of  the  pure  earth.     It  is  a  white,  insipid,  and  insoluble  powder.* 

1192.  In  this  state  it  is  not  entirely  saturated  with  carbonic 
acid.  Its  composition  varies,  as  it  has  been  precipitated  with  er 
without  heat.  If  the  former,  it  contains  according  to  Bucholz, 
42  base,  35  acid,  23  per  cent,  water ;  if  prepared  from  cold 
solutions  of  carbonate  of  soda  and  sulphate  of  magnesia,  it  con- 
9ists  of  33  base,  32  acid  and  35  water.  Mr  Dalton  states  it  to 
be  composed  of  43  base,  40  acid,  and  17  water.  Berzelius  is 
of  opinion  that  it  is  a  compound  of  3  atoms  of  carbonate  of 
magnesia  with  1  atom  of  the  quadro-h ydrate  of  the  same  earth.t 
The  true  carbonate  of  magnesia,  consisting  of  1  atom  of  acid 
+  1  of  base,  is  a  natural  product,  and,  being  entirely  without 
water,  may  be  called  the  anhydrous  carbonate  of  magnesia. 
It  is  found  in  India. 

1193.  Water  at  G0°  dissolves  only  l-2493d  of  its  weight,  and 
at  the  boiling  temperature,  l-9000th  part,  of  common  carbonate 
of  magnesia.^  The  addition  of  almost  any  acid  to  the  carbonate 
expels  its  acid,  and  a  compound  remains  of  magnesia  with  the 
new  acid  which  has  beea  added.  The  aflBnity  of  carbonic  acid 
appears,  indeed,  to  be  feeble,  for  it  is  expelled  by  a  very  mode- 
rate heat,  much  inferior  to  that  required  for  (he  decomposition 
of  carbonate  of  lime.  The  residue  is  pure  magnesia,  which,  for 
medical  and  chemical  uses,  is  always  prepared  by  the  calcina- 
tion of  the  carbonate,  and  hence  its  name  o[  calcined  magnesia. 
H.  1.  619.§ 

*  SulpkaU  qfP«UiM4a  and  Magnena  fbrmi  rhomboidal  erystab,  loaieely  won  loIiibfoUiaD  attl|»hata 
of  potana,  and  of  a  bitter  tacte     It  eziats  in  Ma^water. 

t  T.  Firtt  Prin.  ii.  303.  t  ^^'»*  PkiU§.  Jimr.  ▼.  3(0. 

^  When  the  common  earbonate  w  calcined  in  the  large  wfty,  it  appean^  if  boilinf ,  (Wmb  tlie  aztre 
cation  of  carbonic  hcid ;  a  small  portion  aacends  like  a  vapour,  and  t«  depoeited  in  a  white  powder  ob 
the  cold  bodtee  with  which  it  cornea  into  contact }  and  in  a  dark  place,  toward  the  end  of  the  opera- 
tion it  ahinte-with  a  bluiah  pboephoric  lighL 

Ab  the  magnesia  of  the  shope  i«  •ometimei  adnlterated  with  chalk,  thia  may  be  detected  by  iIm 
addition  of  a  little  sulpliuric  acid  diluted  with  eight  or  ten  tlmea  its  weight  of  water,  as  thia  will  form 
^ilfa  the  maf  noaia'a  very  soluble  salt,  wliile  tiie  sulphate  of  lime  will  remain  ondisaolred.  Caletned 
magnesia  should  dissolve  in  this  dilute  acid  without  any  efferveeeenoe.    Qypaun  ia detected  by  boilinf 
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1194.  Carbonate  of  magnesia  was  first  used  in  medicine  early 
in  Ihe  last  century.     Il  is  often  obtained  from  sea-water,  after 

the  separation  of  its  common  salt.     It  is  found  native  consti-  Native. 
luting  the   mineral   called  tnagnesite.     It  has  been  found  at 
Hoboken,  New-Jersey,  in  veins  in  a  serpentine  rock,  accompa- 
nying the  native  hydrate.     It  is  generally  white  and  friable^ 
and  in  some  places  in  fine  acicular  crystals. 

1195.  The  saturated  carbonate  of  masnesia  (as  it  has  gene-  8a«j'ate«> 
rally  been  considered,)  may  be  obtained,  by  passing  streams  of 
carbonic  acid  gas  through  water,  in  which  common  magnesia  is 

kept  mechanically  suspended,  or  by  adding  a  very  dilute  solu- 
tion of  carbonate  of  soda,  highly  charged  with  carbonic  acid 
under  pressure,  to  a  dilute  solution  of  sulphate  of  magnesia. 
No  immediate  precipitation  ensues,  but,  after  a  few  days,  con- 
geries of  crystals  will  be  found  adhering  to  the  inner  surface  of 
the  glass  vessel.  Accorditig  to  Ber^elius  these  crystals  consist  compoiitioa. 
of  29,583  base,  31,503  acid,  38,914  water.  Dr  Henry  con- 
ceives their  true  composition  to  be  as  follows,  and  that  the 
existence  of  a  bi-carbonate  of  magnesia*  has  not  been  proved, 
viz.        • 

1  atom  of  magnesia    •    •    •    •    20    •    «  ,  28,60 
1  atom  of  carbonic  acid       •    •    S2    •    •    32, 
3  atoms  water 27    •    •    39,40 


'      69  100.    H.  1, 618t 

1196.  The  salts  of  magnesia  are  for  the  greater  part  soluble  Characters  of 
in  water,  and  afford  precipitates  of  magnesia,  and  of  carbonate  mB^imia.^ 
of  magnesia^  upon  the  addition  of  pure  soda,  and  of  carbonate  of 

soda.  Phosphate  of  soda  occasions  no  immediate  precipitate 
when  added  to  a  magnesian  salt,  but  the  addition  of  ammonia 
causes  a  white  precipitate  of  the  triple  ammonio-magnesian 
phosphate. 

1197.  The  minerals  which  contain  magnesia  are  generally 
soft  and  apparently  unctuous  to  the  touch  ;  they  have  seldom 
either  lustre  or  transparency,  and  are  generally  more  or  less  of 
a  green  colour. 

a  portion  of  the  magoesia  in  distilled  water,  and  adding  to  the  lolution  muriate  of  baryta,  which 
will  produce  an '  inaolnble  precipitate,  if  gypsojn  be  present. 

*  Magnesia  water^Lifuid  mofnena  ;  is-prepared  by  adding  three  drachms  of  carbonate  of  mag- 
nesia to  one  gallon  of  water ;  the  liquid  is  then  impregnated  with  carbonic  acid  by  means  of  a  forcing 
pump.    (CT.  8.  PhartMeop.) 

t  Bor'ate  of  MagneMia  may  be  formed  artificially'    It  occurs- natiTe  in  a  mineral  called  haraeita,  Borate, 
hitherto  only  found  \a  the  dutehy  of  Luneburgh.    This  is  composed  of  S  atoms  boractc  acid  -^  1  of 
magnesia  or  is  a  MrboraU.    T.  firtt  Pria*  ii.  304* 

Ouhonate  of  Magneaia  and  Potataa. — ^Berxelius  has  described  a  salt  with  double  base,  which  Carbonate  of 
may  be  formed  by  mixing  binfiirbonate  uf  potaasa  in  excess^  with  muriate  of  magnesin}.    No  pre-  magnesia  anj 
eipitate  appears,  but  in  a  few  days  the  salt  arranges  itself  in  crystalline  groiqw  on  the  sides  of  the  P®'*''^* 
vesseL    It  consists  of 

Potaasa  ----------    184MI 

Magnesia    ---------    15,99 

Carbonic  acid  --------    34,4Q 

Water    - 31,S« 

100, 
1  Edm,  PhOca*  Jsar.  ii.  07. 
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8«paraHon<»r  1198.  The  Separation  of  magnesia  and  lime  is  a  problem  of 
Uml?**'**"**  some  importance  in  analytical  chemistry,  as  they  often  exist 
together  in  the  same  mineral,  more  especially  in  the  varieties  of 
magncsian  limestone.  When  $olu|ion  of  carbonate  of  ammonia 
is  added  to  the  mixed  solution  of  lime  and  magnesia  in  nitric  or 
muriatic  acids,  carbonate  of  lime  f^lls,  and  the  magnesia  is 
retained  in  solution  and  may  be  separated  by  boiling  :  this 
method,  however  simple,  is  not  susceptible  of  great  accuracy, 
^  for  a  portion  of  carbonate  of  lime  will  always  be  retained  along 

with  the  magnesia  in  solution,  and  a  triple  ammoniaco-magnesian 
salt  is  also  formed.  The  following  process  is  recommended  by 
Professor  Brande.  To  the  mix^d  solution  of  lime  and  magnesia 
add  oxalate  of  ammonia  slighCly  acid,  collect  the  precipitate, 
wash  and  dry  it :  65  parts  indicate  2S  of  lime.  If  nitric  or 
muriatic  acid  were  used  for  solution,  the  magnesia  may  after- 
wards be  obtained  by  evaporation  and  heating  the  residue  to 
redness  in  a  platinum  crucible  till  it  ceases  to  lose  weight.  If 
sulphuric  acid  were  the  solvent,  the  same  operation  affords  dry 
sulphate  of  magnesia  of  which  60  parts  are  equivalent  to  20 
magnesia.*  -  , 
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1199.  The  earth  alumina  constitutes  some  of  the  hardest 
gems,  such  as  the  sapphire  and  ruby;  and  combined  with  water, 
it  gives  a  peculiar  softness  and  plasticity  to  some  earthy  com- 
pounds, such  as  the  different  kinds  of  clay. — The  experiments 
of  Sir  H  Davy  afforded  a  strong  presumption  that  alumina  is  a 
metallic  oxide;  but  its  base,  aluminum,  he  did  not  obtain  in 
such  a  state  as  to  .make  its  properties  an  object  of  investigation. 
Yel  alloys  were  formed  which  gave  sufficient  evidence  of  its 
existence,  and  the  presence  of  ox^^gen  in  alumina  was  proved, 
by  its  changing  potassium  into  potassa,  when  ignited  with  that 
metal.t 


*  For  tlio  processes  rocommonded  by  Mr  R.  Phillips,  Dr  Daubeny  and  others,  ^see  JInalysis  tf 
JIfinerala. 

t  There  can  bo  little  doubt  .of  the  existence  of  silicium  and  aluminum,  as  well  as  of  calcium,  and 
probably  magnesium,  in  some  of  the  varieties  of  cast>iron  and  sU'el.  By  fusiug  highly  carburetted 
steel  with  alumina,  a  pecuJiar  alloy  resuJts,  which  is  white,  granular,  and  brittle,  and^  wbirh  yields  on 
analysis  6,4  per  cent  alumina.  On  fusing  67  parts  of  this  alloy  witb*500  of  stoei,  a  compound  is 
obtained,  which  possesses  all  the  characters  of  the  best  Boroboy  woe.ts,  and,  like  it,  when  its  sur- 
Oice  is  pulishcd  aad  washed  overwitb  dilute  sulphuric  acid,  uxliibitit  the  striated  appearance  called 
damaakf  for  which  Uie  celebrated  sabres  of  Daiuascus  are  remarkable,'and  which  renderf  it  probable 
that  they  also  arc  mode  of  woolz.  {^arterljf  Journal  oj  Scicfica  and  ^rts^  ix.)  Afaoy  of  the 
varieties  of  castHron  nflbrd  lime  and  silica  when  dissolved  in  acids,  aud  it  is  highly  probable  that  tlios« 
siibiiance^  as  writ  as  the  alunyna  in  the  wootz.  exist  combined  with  the  iron  in  their  deoxidised  or 
Metallic  state.    B. 
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1200.  It  h^%  been  lately  announced*  that  M.  Oersted  has  su6-  oentod't 
ceeded  in  obtaining  alumiaum  by  the  following  process.     Pure  ^J^^J^ 
alumina  was  heated  to  redness  and  then  intimately  mixed  with  ^lamina. 
powdered  charcoal,  the  mixture  was  introduced  into  a  porcelain 

tube,  and  when  at  a  red  heat,  dry  chlorine  gas  was  passed  over  it. 
The  charcoal  reducing  the  alumina,  the  metal  combined  with 
the  chlorine,  and  oxide  of  carbon  was  also  formed*  The  chlo^ 
ride  of  aluminum  obtained  being  mrxed  with  an  amalgam  of 
potassium  and  heated,  chloride  of  potassium  was  formed,  and 
the  metal  of  the  alumina  combined  with  the  mercury.  The 
amalgam  quickly  oxidized  by  exposure  to  the  air.  Being  dis- 
tilled out  of  the  contact  of  the  air  the  mercury^  was  vblatilized| 
and  a  metallic  button  was  left  which  had  the  colour  and  splen- 
dour of  tin. 

1201.  ^Uiminum   and   Oxygen — w^/wmtn^.—- To  obtain  Aiaminj, 
pure  alumina  we  dissolvo^alum  in  20  times  its  weight  of  water,  ^''*»'»»*^ 
and  add  to  it  a  little  of  .the  solution  of  carbonate  of  soda,  to  . 
throw  down  any  iron  which  may  be  present.     We  then'  drop 

the  supernatant  liquid  into  a  quantity  of  the  water  of  ammonia, 
taking  care  not  to  add  so  much  of  the  alumino'us  solution  as 
will  saturate  the  ammonia.  The  volatile  alkali  unites  with  the 
sulphuric  acid  of  the  alum,  and  the  earthy  basis  of  the  latter  is 
separated  in  a  white  spongy  precipitate.  This  must  be  thrown 
on  a  filter,  washed  by  repeated  affusions  of  water,  and  then, 
dried.  Or  if  an  alum,  made  with  ammonia  instead  of  potassa,  as 
is  the  case  with  some  French  alums,  can  be  got,  simple  ignition 
dissipates  its  acid  and  alkalitie  eonstituents,  leaving  pure  alu- 
mina.    U.  I47.t 

1202.  Alumina  is  destitute  of  taste  and  smell.  -  When  mois-  properUcf 
tened  with  water,  it  forms  a  cohesive  and  ductile  mass,  suscep- 
tible of  being  kn<saded  into  a  regular  form.  It  is  not  soluble  in 
water;  but  retains  a  considerable  quantity,  and  is,  indeed,  a 
hydrate,  containing  when  dried  at  the  temperature  of  the  atmos- 
phere, almost  half  its  weight  of  water.  Even  after  ignition, 
alumina  has  such  an  affinity  for  moisture,  that  it  can  hardly  be 
placed  on  the  scale,  without  acquiring  weight.     Berzelius  found, 

that  100  parts  of  alumina,  after  being  ignited  gained  15}  from 
a  dry  atmosphere,  and  33  from  a  humid  one.  For  full  satura- 
tion, 100  grains  of  alumina,  he  ascertained,  require  54  of  water. { 
It  does  not  affect  vegetable  colours.  It  is  dissolved  by  the  liquid 
fixed  alkalies,  and  is  precipitated  by  acids  unchanged.  In  am- 
RU)nia  it  is. very  sparingly  soluble.  It  is  not'soluble  in  alkaline 
carbonates. 

Baryta  and  strontia  com^ne  with  alumina,  both  by  fusion, 
and  in  the  humid  way.  In  the  first  case  the  result  is  a  greenish 
or  bluish  coloured  mass.  In  the  second  tWo  compounds  are 
formed.     The  first  containing  an  excess  of  alumina,  is  in  the 


*  Uonsm|^ii*s  Heftrtoire  de  Chimidt  k.9.  \  Gay-Loanc,  J3nn.  de  Ckim.  ^  Pky9.  r,  101. 

X  'dnn.  dc  Ckim.  LuzJt.  14. 
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state  of  an  insoluble  powder ;  the  other,  having  an  excess  of 
the  alkaline  earth,  remains  in  solution. 

1^03.  Alumina  has  tlie  property  of  shrinking  considerably  in 
bulk,  when  exposed  to  heat.  On  this  property  was  founded  the 
pyrometer  of  Mr  Wedgwood,  designed  to  measure  high  degrees 
of  heat  by  the  amount  of  the  contraction  of  regularly  shaped 
pieces  of  china  clay.*  This  instrument,  however,  is  not  an 
accurate  measurer  of  heat,  since  the  (contraction  of  clay  is  influ- 
enced not  merely  by  the  degree  of  heat  to  which  it  is  exposed, 
but  by  the  mode  of  its  application. 

1204.  From  indirect  experiments,  Sir  H.  Davy  derived  34  as 
the  number  representing  alumina,  from  which,  deducting  one 
atom  of  oxygen  =s  8,  we  obtain  16  for  the  equivalent  of  alumi- 

.num.  The  number  for  the  equivalent  of  alumina,  deduced  by 
Gay-Lus8ac,t  is  21,61.1,  oxygen  being  10;  =17,28^  when 
hydrogen  is  taken  as  the  decimal  unit.  Dr  Thomson}  from 
recent  experiments,  concludes  it  to  be  2,25,  oxygen  being  I  ;  =: 
18  when  hydrogen  is  made  unity.  The  former  determination 
would  reduce  the  atom  of  aluminum  to  9,28,  and  Dr  Thomson's 
to  10,  the  atom  of  oxygen  being  considered  as  8. 

1205.  Muriate  of  Alumina  may  be  formed  by' dissolving 
fresh  prepared  alumina  in  muriatic  acid,  but  the  acid  is  always 
in  excess.  It  is  scarcely  possible  to  obtain  this  salt  in  crystals, 
for  by  evaporation  it  becomes  a  thick  jelly.  It  is  extremely 
soluble  in  water,  and  when  dried  deliauiates.  At  a  high  tem- 
perature it  abandons  its  acid. 

1206.  Nitrate  of  Atun^ina  may  be  formed  in  the  same  man- , 
ner  as  (he  last  mentioned  compound,  substituting  nitric  acid. 
The  solution  which  is  always  acid,  crystallizes  in  thin  ductile 
plates.  The  crystals  are  extremely  soluble,  and  deliquescent. 
When  dried  by  pressure  between  folds  of  blotting  paper,  Dr 
Thomson  finds  them  to  consist  of  1  atom  of  nitric  acid,  2  atoms 
of  base,  an^  10  of  water.  By  a  stronger  heat  it  loses  a  portion 
of  its  acid.§     H.  1.  631.  ^ 

\iQil.  One  of  the  saline  combinations  of  alumina  is  of  impor- 
tant use  in  the  arts,  namely,  alum  ;||  a  triple  sulphate  of 
alumina  and  potassa.  This  salt  is  usually  prepared  by  roast- 
ing and  lixiviating- certain  clays  containing  pyrites;  to  the  leys, 
a  certain  quantity  of  potassa  is  added,  and  the  triple  salt  is 
obtained  by  crystallization.T 

Alum  has  a  sweetish  astringent  taste.  It  dissolves  in  5  parts 
of  water  at  60^,  and  the  solution  reddens  vegetable  blues  ;  hot 


*  For  a  dMcription  of  thii  imtrameot  Me  Henrf*9  Ckemistrjf.       f  Jinn  ie  Chim.  el  Pkfff.  xvi.  3S. 

X  Jinn,  of  PkUos.  N.  S.  iii.  168,  wai  T.  FirMt  Prin.  1.  310. 

^  For  a  morv  particular  i^countuftlie  nitratea  of  alumina,  see  Thomson^  First  Prindple*^  ro\  2« 

II  When  alumina  and  folphuric  acid  form  a  triple  salt  with  eorop  other  salifiablft  baae  instead  of 
potaaaa,  the  compound  ia  alio  called  alum,  but  the  name  of  that  baae  ia  also  prelized  to  it  Thus 
ammohiacal  alum  is  the  sulphate  of  alumina  and  ammonia  ;  soda  alum  b  the  sulphate  of  alumina 
and  Boda. 

IT  Sulphate  nf  alumina  will  not  crystallize ;  but  if  a  eolation  of  sulphate  uf  potassa  be  added  tp 
solution  of  sulphate  of  alamina},small  octoedral  eryitaJs  of  alum  are  precipitated. 


J 
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waler  dissolves  fths  of  its  weight.  It  furnishes  octo^dral  crya- 
tals.  In  its  crystalline  form  it  consists,  according  t  j  some  recenf 
experiments  made  by  Mr  R.  Phillips,  of 

2  atoms  of  Sulphate  of  alumina *.    .     .     134  OomiKwJio*. 

1  atom  of    Bi'»ul{)hate  of  pota^sa HH 

25  atoms  of  Water ^5 

487 

Dr  Thomson  does  not  admit  that  bi-sulphate  of  potassa  exists 
in  alum,  and  contends  that  it  is  constituted  of  1  atom  of  sul- 
phate of  potassa,  3  atoms  of  sulphate  of  alumina,  and  25  atoms 
of  water.* 

1208.  When  alum  is  exposed  to  an  intense  heat,  it  loses 
water,  and  a  portion  of  acid  ;  but  the  whole  of  the  acid  cannot 
be  expelled.  It  becomes  light  and  spongy ;  and  in  this  state  is 
called  in  the  Pharmacopcsia.  ^lumen  usttim.  or  exsiccalum,  Aiomea 
If  alum  contam  excess  of  potassa  it  forms  cubic  crystals,  and  is 
known  under  the  name  of  cubic  alum. 

1209.  When  alum  is  ignited  with  charcoal,  a  spontaneously 
inflammable  compound  results,  which  has  lon«:  been   known 
under  the  name  of  Homberg^s  pyrophonts.     The  potassa  ap-  Homberf*t 
pears  to  be  decomposed  in  this  process,  along  with  the  acid  of  ^y~P****""* 
the  alum,  and  pyrophorus  is  probably  a  compound  of  sulphur, 
charcoal,  and  potassium,  with  alumina. 

Pyrophorus  m^y  be  prepared  by  the  following  process.  ^  ^^^^ 

Mix  equal  parti  of  honey,  or  of  brown  sugar  with  powdered  alum,  in  an  iron 
ladle,  melt  the  mixture  over  a  fire,  and  keep  it  stirred  till  dry  t  reduce  the  drj 
mass  to  powder,  add  a  few  grains  of  potassa,  and  introduce  it  into  a  common 
phial  coated  with  clay,  and  placed  in  a  crucible  of  sand.  Give  the  whole  a 
red  heat,  and  when  a  bine  flame  appears  at  the  neck  of  the  phial  allow  it  to 
burn  about  fire  minutes,  then  remove  it  from  the  fire ;  stop  the  phial,  and  allow 
it  to  cool,  taking  care  that  air  cannot  enter  it. 

Dr  Hare  recommends  the  followins:  method,  which  affords  a  i>»Haw't 
pyrophorus  that  rarely  fails. 

Take  three  parts  of  lamp-black,  four  of  calcined  alum,  and  eight  of  pearl- 
ashes  ;  mix  them  thoroughly,  and  heat  them  in  'in  iron  tube  to  a  bright  cherry 
red  for  one  hour.  On  removal  from  the  fire  the  tube;  should  be  carefully  stop- 
ped. When  well  prepared  and  poured  out  upon  a  glass  plate,  and  especial!/ 
when  breathed  upon,  the  pyrophorus  kindles  with  a  series  of  small  explo- 
8ions.t  The  inflammability  of  this  compound  arises  from  the  presence  of 
potassinm.^ 

*  Firat  Prineip.  i.  307. — Contidorable  differances  exist  in  the  stalementi  which  have  been  giyeii  by 
diSbrent  analyst*,  of  the  compositioD  of  alum,  as  will  appear  from  the  followinf  table : 

100  parts  eontain  Acid.  Atumma.  Potaasa.  Water. 

According  to  Vanquelin  ...  90,53  .    -    -    10,S0  .  -  -  10,40  .  -  •  48,58 

Dalton      -  -    -    -  .13,  .--!»,  -  .  -  \»,  -  -  -  40,, 

H.  Phillips  -    -    -  34,94  -    .    -    11,18  -  -  -  10,33  -  -  -  43,55 

Berwlius  .  -    -    -  34,»3  -    -    -    10,86  -  -  -  9,81  .  -  -  48,  ' 


Do.  conected  by  Thomson    -    .    33,82    -    -    -    10,86    -    -    .     9«90    •    •         45, 
DrTbomsott      •    -    3S,85    -    -    •    11,90    -    •    -     0,85    .    -   -    46,S1 


t  The  pyro|riieriis  obtained  by  Dr  Hare*s  process  should  be  removed  from  the  tube  with  great  cau- 
tion, as  it  has  been  found  to  explode  violendy  on  the  introdaction  of  cro4  f^r  the  parpose  of  looseoiiif 
it.~SiUiman  in  Jtnur.  Jow.  of  Seieuu^  x.  367. 

X  Bee  Ml0^»  of  Potaoontm,  p.  S77. 
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ums.  l!^10.  Alum  IS  of  extensive  use  in  the  arts,  more  especially 

in  dyeing  and  calico-printing,  in  consequence  of  the  attraction 
which  alumina  has  for  the  colouring  matter.* 

^fai|£^  1211.  A  neutral  Sulphate  of  alumina  was  obtained  by 

Berzelius  by  the  following^ process.  He  decomposed  alum  by 
ammonia ;  washed  the  precipitate,  and  re-dissolved  it  in  sul-> 
phuric  acid.  To  the  liquor,  after  evaporation,  he  added  alcohol, 
which  threw  down  a  sulphate  nearly  neutral,  and  rendered 
perfectly  so,  by  being  washed  with  farther  portions.     Gay-Lus- 

Gat-lu.      ^^^  ^^^  ^^^  given  the  following  process,  for  preparing  a  neutral 

n/sprocen.  sulphate  of  alumiua. 

On  aJum  with  base  of  ammonia,  boil  nitro-muriatio  acid,  till  all  the  aromonia 
ii  destroyed,  and  evaporate  to  dryness  to  expel  all  the  nitric  and  mnriatic  acid?. 
The  ammonia  is  decomposed  by  the  chlorine,  which  results  from  the  mutual 
action  of  those  two  acids,  and  the  alumina  remains  in  combination  with  sul- 
phuric acid  only.  The  saturated  solution  of  this  salt  in  water  is  an  excellent 
test  to  discover  pota»sa  ;  for  a  drop  or  two,  added  to  a  solution  of  that  alkali, 
or  of  any  of  its  salts,  immediately  causes  a  precipitation  of  alom.f  It  is  most 
probably  constituted  of  1  atom  of  acid-f-  t  atom  of  base^    H.  1.  634. 


Section  X.     Manganese. 

1312.  The  common  ore  of  manganese  is  the  black  or  per- 
oxide, which  is  found  native  in  great  abundance.  The  metal 
«5»^nJme-  ^^  obtained  by  mixing  this  oxide,  finely  powdered,  with  pitch, 
taiiic  manga-  making  it  into  a  ball,  and  putting  this  into  a  crucible,  with 
powdered  charcoal,  one-tenth  of  an  inch  thick  on  the  sides,  and 
one-fourth  of  an  inch  deep  at  the  bottom.  The  empty  space  is 
then  to  be  filled  with  powdered  charcoal,  a  cover  is  to  be  luted 
on,  and  the  crucible  exposed,  for  one  hour,  to  the  strongest  heat 
that  can  be  raised.  Mr  Faraday  has  succeeded  in  obtaining 
metallic  manganese  in  large  globules  from  the  triple  tartrate  of 
manganese,  by  heating  it  in  a  crucible  in  a  wind  furnace /7«r  j^. 
(H.)  It  IS  of  a  bluish  white  colour,  yery  brittle,  and  difficult  of 
fusion.  When  exposed  to  air  it  becomes  an  oxide.  Its  specific 
gravity  is  8,013.  It  is  not  attracted  by  the  magnet,  except 
when  contaminated  with  iron. 
o^^d««,  1213.  Manganese  and  Oxygen, — There  is  a  diversity  of 

opinion  among  chemists  as  to  the  number  of  oxides  of  man- 
ganese, and   their  composition.     According   to  Sir  H.  Davy 

•     

Soda  akrm.  *  -A  triple  tulphate  of  alumina  and  toda  is  described  in  the  ^arterly  Jonmalof  Science  and  tkf 

Jirts,  (viii.  386.)  in  the  form  of  irregular  efflorescent  octoedra :  it  appears  to  contain  S  propoitionals 
of  ralphate  of  alomina,  I  proportional  bi-tulpbate  of  soda,  and  38  proportionals  water. 

Jimmoniacal  Mum  has  been  examined  by  Riffiiolt  (Ann.  de  Chim,  «t  Phys.  ix,.  106)  who  found  it 
to  consist  of  1  atom  sulphate  of  ammonia,  3  atoms  salphate  of  alumina  and  24  atoms  water. 

Magneflioi  also,  it  appeaiSi  b  capable  of  famishing  a  base  to  alojn  \  but  it  ha*  not  been  applied  (• 
any  useful  purpose. 

t  .4mn.  de  C&im.  el  P^#.Ti.90l. 


r 
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there  are  oaly  two  ;*  Mr  Brande  admits  three,  Thenard  four^t 
and  Berezlius  five.} 

It  is  certain,  howeyer,  that  there  are  three  distinct  oxides;  TiMircoqi- 
and  it  appears  from  the  experiments  of  Thomson,  whose  results  ^^^^"^ 
agree  with  those  of  Arfwedson§  and  Berthierj]  that  they  are 
thus  constituted : — 


MangaoeM. 

OxyfOB. 

Protoxide     ...    28    or  1  atom    « 

8    or  1  atom 

Dcutoxido    ...    28     '*  "      "       . 

.    12     "  IJ  " 

Peroxide       .    .    .    28     "  "      "      . 

.16     ^^2  atomi. 

1214.  Peroxide. — ^This  is  thp  well  known  ore  commonly  Perondei 
called  from  its  colour  the  black  oxide,  the  nature  of  which  was 
ascertained  in  1774  by  Scheele.     It  generally  occurs  massive,  of 

an  earthy  appearance,  and  mixed  with  other  substances,  such  as 
siliceous  and  aluminous  earths,  oxide  of  ironlT  and  carbonate  of 
lime.  It  also  occurs  crystallized  with  an  imperfect  metallic 
lustre.  It  may  be  made  artificially  by  exposing  the  nitrate  of 
manganese  to  a  commencing  red  heat,  until  the  whole  of  the 
nitric  acid  is  expelled. 

1215.  The  peroxide  of  manganese  undergoes  no  change  on  ProperUet* 
exposure  to  the  air.     It  is  insoluble  in  water,  and  does  not 

unite  either  with  acids  oi;  with  alkalies.  When  boiled  with 
sulphuric  acid,  it  yields  oxygen  gas,  and  a  sulphate  of  the  pro* 
toxide  is  formed  (287).  With  muriatic  acid,  a  muriate  of  the 
protoxide  is  generated,  and  chlorine  is  evolved  (301).  On 
exposure  to  a  red  heat,  it  is  converted  with  evolution  of  oxygen 
gas,  into  the  deutoxide  of  nranganese.  * 

1216.  The  peroxide  of  manganese  is  employed  in  the  arts,  in  Ui*. 
the  manufacture  of  glass,  and  in  preparing  chlorine  for  bleach- 
ing.    In  the  laboratory  it  is  used  for  procuring  chlorine  and 
oxygen  gases,  and  in  the  preparation  of  the  salts  of  manganese. 

1217.  The  oxide  of  manganese  which  is  sometimes  called 
black  wad,  and  which  occurs  in  froth-like  coatings  on   other  Biaekw&a, 
minerals,  is  remarkable  for  its  spontaneous  inflammation  with 

oil. — If  half  a  pound  of  this  be  dried  before  a  fire,  and  afterwards  ^^^^^^ 
suffered  to  cool  for  about  an  hour,  and  it  be  then  loosely  mixed  ot 
or  kneaded  with  two  ounces  of  linseed  oil ;  the  whole,  in  some- 
thing more  than  half  an  hour,  becomes  gradually  hot,  and  at 
length  bursts  into  flame.     U.  573. 

1218.  Deutoxide  o/ Manganese. — This  oxide  combined  with  Bw^^Wf 
water  sometimes  occurs  native.     It  is  readily  procured  by  ex- 
posing the  peroxide  of  manganese  to  a  low  red  heat ;  and  it  is, 
therefore,  the  chief  residue  of  the  usual  process  for  forming 
oxygen.     By  exposure  to  a  white  heat  it  is  converted  into  what 

is  called  the  red  oxide  of  manganese. 

«  Elements,  p.  369.  t  TraUi  de  CkiM'  ii.  331. 

t  For  the  raralti  of  wYeral  analyiM,  lee  Henry*!  Ckemietry,  vol.  ii. 
%  Anm  de  Ckim.  et  de  Pkge,  vi.  ||  Jbid.  xx. 

IT  Oa  Uw  Mpvatioii  of  iron  firom  muftnete,  iM  ^^arUrlf  Jewnul  ef  Scim*$  Mnd  tk»  Jirie^  vol; 
▼i.]vl» 
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1219.  The  deutoxide  when  reduced  to  powder  is  of  a  brown 
colour.  Od  exposure  to  the  air  it  slowly  absorbs  oxygen,  and 
passes  into  the  state  of  peroxide.  It  is  dissolved  by  strong 
sulphuric  and  muriatic  acids  in  the  cold,  forming  deep  red 
coloured  solutions.  With  strong  nitric  acid  it  yields  a  soluble 
proto-nitrate,  and  an  insoluble  black  powder  which  is  the  per« 
oxide.* 

1220.  Protoxide  of  Manganese  is  formed  when  a  mixture 
of  the  deutoxide  of  manganese  and  charcoal  is  exposed  to  a 
strong  red  heat ;  or  by  passing  a  current  of  hydrogen  gas  over 
the  deutoxide  heated  to  redness  in  a  tube  of  porcelain.  This 
oxide  is  of  a  green  colour  when  pure,  but  becomes  brown  on 
exposure  to  the  air,  owing  to  the  absorption  of  oxygen.  It  is 
contained  in  all  the  salts  of  manganese,  and,  indeed,  it  is  the 
only  oxide  of  this  metal  which  is  capable  of  forming  regular 
salts  with  acids. 

1221.  The  substance  called  the  red  oxide  of  manganese  is 
formed  by  exposing  the  peroxide  or  deutoxide  to  a  white  heat, 
either  in  close  or  open  vessels.  It  has  a  brownish  red  colour 
when  in  powder.  Fused  with  borax  or  glass,  it  communicates 
to  it  a  beautiful  violet  hue ;  concentrated  hot  nitric  acid  acts 
tipon  it  in  the  same  manner  as  on  the  deutoxide. 

The  red  oxide  contains  more  oxygen  than  the  protoxide  and 
less  than  the  deutoxide.  According  to  Arfwedson,  it  consists 
of  2^  parts  of  manganese,  and  10,4  parts  of  oxygen.  It  is 
probably  a  mixture  or  compound  of  the  protoxide  and  deu- 
toxide. 

It  has  been  inferred  from  some  experiments  of  Berzelius  and 
John,  that  there  are  two  otber  oxides  of  manganese ;  which 
contain  less  oxygen  than  the  green  or  protoxide. 

1222.  Besides  the  oxides,  manganese  is  capable  of  forming 
two  acids  with  oxygen  the  manganeseous  and  the  tnanganesic 
acid.  When  the  peroxide  of  manganese  is  mixed  with  an 
equal  weight  of  nitre  or  carbonate  of  potassa,  and  the  mixture 
is  exposed  to  a  red  heat,  a  green  coloured  fused  mass  is  form- 
ed, which  has  been  long  known  under  the  name  of  mtnera/ 
chameleon.  On  putting  this  substance  into  water,  a  green 
solution  is  obtained,  the  colour  of  which  soon  passes  into  blue, 
purple  and  red  ;  and  ultimately,  a  brown  flocculent  matter, 
the  deutoxide  of  manganese,  subsides,  and  the  liquid  becomes 
colourless. 

Put  equal  qunnfities  nf  this  ^ubi^tance  into  two  separate  eIkm  yesreh,  and 
pour  on  the  one  hot,  and  oh  the  other  cold  wnter.  The  hot  »olution  will  hare 
a  beautiful  gref  n  colour,  and  the  cold  one  a  deep  porple.  The  same  material, 
with  water  of  different  temperatures,  assumes  yarious  shades  of  coloor. 

1223.  M.  M.  Chevillot  and  Edwards,  have  demonstrated 
that  the  peroxide  of  manganese,  when  fused  with  potassa, 
absorbs  oxygen  from  the  atmosphere,  and  is  thereby  converted 
into  tnanganesic  acidy  which  unites  with  the  alkali.     They 


•  Bcithjer. 
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attribute  the  different  changes  of  colour  above  mentioned,  to 
the  combination  of  this  acid  with  different  proportions  of  potassa. 
By  evaporating  the  red  solution  rapidly,  they  succeeded  in  ob- 
taining a  manganesiate  of  potassa  in  the  form  of  small  prismatic 
crystals  of  a  purple  colour.  This  salt  yields  oxygen  to  com- 
bustible substances  with  great  facility,  and  detonates  power- 
fully with  phosphorus.  It  is  decomposed  when  in  solution  by 
very  slight  causes,  being  converted  into  the  deutoxide  of  man- 
ganese. » 

1224.  The  subsequent  researches  of  Dr  Forchhammer  render 
it  probable  that  the  green  and  red  colours  are  produced  by  two 
acids,  the  manganeseous  and  manganesic,  the  former  giving  rise 
to  the  green,  and  the  latter  to  the  red. 

Dr  Forchhammer  infers  that  the  first  of  the  above  acids  con- 
tains three  and  the  last  four  atoms  of  oxygen  united  with  one 
atom  of  manganese.*     T.  379.t 

1225.  Manganese  and  Chiorine. — By  burninfic  the  metal  in  ''"W*^ 

,  ,      .  P  .    ^         i»  ^    .  ^  and  Chlorine. 

chlorine,  or  by  exposing  muriate  of  manganese  to  a  strong 
heat,  a  pink  semi-transparent  flaky  substance  is  obtained,  which, 
when  dissolved  in  water,  produces  a  muriate  of  manganese. 

1^226.  M.  Dumas  has  obtained  a  new  chloride  of  manganese  m  Dumu* 
by  putting  a  solution  of  manganesic  acid  into  contact  with  sul-  p"**^®"- 
phuric  acid  and  fused  common  salt.  Water  and  the  new  chlo- 
ride are  formed  ;  the  former  is  retained  by  the  acid,  the  latter 
volatilizes  in  a  gaseous  form,  with  a  greenish  tint,  and  when 
passed  into  a  tube  cooled  to  5^  or  4°  F.,  it  condenses  into  a 
liquid  of  a  brownish  green  colour.  The  most  simple  process 
appears  to  be  to  form  a  common  green  chameleon,  to  convert  it 
into  red  chameleon  by  sulphuric  acid,  and  to  evaporate  the 
solution,  which  will  give  a  residue  consisting  of  sulphate  and 
manganesiate  of  potassa.  This  mixture  acted  upon  by  concen- 
trated sulphuric' acid  produces  the  solution  of  manganesic  acid, 
into  which  the  common  salt  is  to  be  thrown  in  small  pieces  until 
the  vapours  which  rise  are  colourless ;  the  latter  effect  is  a  sign 
that  all  the  manganesic  acid  is  decomposed,  and  that  muriatic 
acid  only  is  produced.  This  chloride  of  manganese  corresponds 
in  proportions  to  the  manganesic  acid ;  it  is  readily  formed  and 
examined,  but  not  easily  preserved.  An  analogous  compound 
is  obtained  when  a  fluoride  is  used  instead  of  the  chloride.): 

1227.  Muriate  of  Manganese. — The  action  of  muriatic  acid  Maritu. 
on  the  black  oxide  of  manganese  is  most  important.  According 
to  the  old  theory,  part  of  the  acid  acts  on  one  portion  of  the 
oxide  ;  and  first  reduces  it  to  the  state  of  protoxide,  and  then 
dissolves  it,  affording  muriate  of  protoxide  of  manganese. 
The  oxygen  thus  liberated,  uniting  with  another  portion  of 

*  wf Ml.  of  PkUos.  xvi. 

t  Aceording  to  an  anal jsifl  of  M .  Unirerdorben  maoganetie  acid  conaintii  of 

Manganeie    •  -   -    •    58,74    Ozyfen    -    -    -    •    41,38i 
Jimn.  de$  Mnut.  1837. 145. 
X  PkiUf*.  Mag,  N.  6.  Feb.  IBSB, 
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muriatic  acid,  composes  oxy-muriatic  acid.  But,  on  the  more 
probable  theory  of  chlorine,  the  hydrogen  of  the  muriatic  acid 
is  attracted  by  the  oxygen  of  the  oxide,  and  the  chlorine  is  not 
formed,  but  merely  set  at  liberty.* 
^w  obtain-  1228.  Muriato  of  manganese  is  most  easily  formed  by  satu- 
rating muriatic  acid  with  the  carbonate.  Heated  in  contact  of 
air,  it  is  decomposed,  and  oxide  of  manganese  remains.  The 
crystals  of  muriate  of  manganese  consist,  of 

GompotiUoD.  Protoxide  o(  Manganese 1  atom 

Muriatic  acid 1      ^^ 

Water 4  atoms.    H.  S.  10. 

Niteato.  1829.  Nitrate  of  Manganese. — Dilute  nitric  acid  readily 

dissolves  protoxide  of  manganese,  and  forms  a  very  soluble  and 
.di£ScultIy  crystallizable  proto-nitrate.  The' same  salt  may  be 
obtained  by  digesting  peroxide  of  manganese  in  nitric  acid  with 
a  portion  of  gum  or  sugar,  which  abstracts  oxygen,  carbonic 
acid  is  evolved,  and  the  protoxide  dissolved  by  the  acid.  Ex- 
posed to  light,  the  solution  of  the  protonitrate  lets  fall  a  portion 
of  peroxide  of  manganese. 

When  dilute  nitric  acid  is  poured  upon  the  deutoxide  of  man- 
ganese, a  protonitrate  and  peroxide  are  formed. 

The  composition  of  nitrate  of  manganese,  according  to  Dr 
Thomson,  is  1  atom  acid  54,  1  protoxide  36,  and  7  atoms  water 
63.t 

M>n|ftneM         1230.  Manganese  and  Sulphur  appear  unsusceptible  of  com- 

and  Sulphur,  bin^tion  ;  but  a  compound  of  oxide  of  manganese  and  sulphur 
which  is  a  bi-sulphuret  is  found  in  Transylvania  and  Cornwall. 
It  is  of  a  blackish  grey  colour,  and  metallic  lustre.  The  proto^ 
sulphuret  may  be  obtained  by  igniting  the  sulphate  with  one- 
sixlh  of  its  weight  of  charcoal  in  powder.]:  It  is  also  formed 
by  the  action  of  sulphuretted  hydrogen  on  the  proto-sulphate 
at  a  red  heat.§  It  dissolves  completely  in  dilute  sulphuric  or 
muriatic  acid,  with  disengagement  of  very  pure  sulphuretted 
hydrogo»i.||     T. 

flttipbate.  1231.  Sulphate  of  Manganese  is  formed  by  dissolving  the 

protoxide  or  protocarbonate  in  the  acid,  and  evaporating  to 

^  Accordinf  to  Dr  J.  Davy  the  chloride  cootuHs  of 

Chlorine    .--54-    ----100 117,64 

ManganoM     «..46--*--      9i    '    -    -    j-    •    100 

KlO 

Now  54  :  46  :  :  30  :  30,6.    The  weight,  therefore,  of  the  itom  of  manfODeae,  deduced  fiom  the 

chloride,  exeeedi  that  inferred  from  the  oxide ;  but  ihe  diacrepanry  ariMM  moit  probably  firom  «rroit 

ja  analycisi  and  the  true  cooatituiion  of  the  chloride  ib 

Manganeee    -    -    44    -    -    or  1  atom    96 
Chlorine   ..•S6-.*<1«*        36 

Weightof  its  atom    64.    H.S.& 
t  J^VfCPrta.  ii.349. 
%  Berthier.  ' 

%  Arfwedton  in  ./f  »a.  of  Pkiiog.  vii.  N.  8. 

{|  HyposulpkiU  of  Manganese  remaini  in  solution  wfaea  sulphate  of  manganeae  it  d«t«mpOMd  by 
hypoeulphato  of  lime. 
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dryness ;  t  white  protosulphate  is  formed,  which  crystallizes 
in  rhomboidal  prisms,  and  consists  of 

36  or  1  atom  protoxide,  40  or  1  atom  sulphuric  acid,  and  45  or  Satomn  water. 
It  is  very  soluble  in  water,  and  has  a  bitter  styptic  taste :  at 
a  bright  red  heat  it  gives  out  oxygen,  and  sulphurous  acid  and 
deutoxide  of  manganese  remain.  It  may  also  be  obtained  by 
mixing  peroxide  of  manganese  into  a  paste  with  sulphuric  acid, 
and  heating  it  in  a  basin  nearly  to  redness  :  oxygen  is  evolved, 
and  the  dry  mass  washed  with  water  affords  the  sulphate. 

1232.  Detiiosulphate  of  Manganese  is  foftned  by  digesting  Deutoaii- 
the  deutoxide  in  sulphuric  acid  diluted  with  its  bulk  of  water :  ^^^^' 

a  red  solution  is  formed,  but  the  salt  cannot  be  obtained  in  a 
neutral  or  separate  state,  for  the  application  of  heat  evolves 
oxygen,  and  forms  protosulphate.  It  is,  probably,  to  a  little 
deutosu'ihate  that  the  occasional  red  tinge  of  the  protosulphate 
is  to  be  attributed. 

1233.  Carbonate  of  Manganese  is  white,  insipid,  and  inso-  carbonate. 
luble  in  water.     It  is  precipitated  by  alkaline  carbonates  from 

the  protomuriate  or  protosulphate,  and  consists  of  1  atom  pro- 
toxide, 1  atom  carbonic  acid,  and  1  water. 

1234.  The  salts  of  manganese  containing  the  protoxide  are  characteri»s 
mostly  soluble  in  water,  and  the  solution  becomes  turbid  and  prou>  nw 
brown  by  exposure  to  air.     They  are  not  precipitated  by  by-  "wnfanead. 
driodic  acid  ;  they  furnish  white  precipitates  with  the  alkalies, 

which  soon  become  discoloured  by  exposure  to  air ;  they  are 
precipitated  white   by  ferro-cyanate  of  potassa,  and  yellow  by       ' 
hydrosulphuret  of  ammonia. 

1235.  The  native  peroxide  of  manganese  is  used  in  the  labo-  Ums^ 
ratory  as  a  source  of  oxygen,  and  is  largely  employed  in  the 
preparation  of  chlorine,  especially  by  the  bleachers.     It  is  used 

in  glass-making,  and,  when  added  in  excess,  gives  it  a  red  or 
violet  colour.  It  is  also  employed  in  porcelain  painting;  and  it 
gives  common  earthen  ware  a  black  colour,  by  being  mixed  with 
the  materials  before  they  are  formed  into  vessels. 


Section  XI.     Iron, 

1236.  The  most  important  native  combinations  of  iron, 
whence  the  immense  supplies  for  the  arts  of  life  are  drawn,  are 
the  oxides.  Iron  is  also  found  combined  with  sulphur,  and 
with  several  acids  ;  it  is  so  abundant  that  there  are  few  fossils 
free  from  it.  It  is  also  found  in  some  animal  and  vegetable 
bodies,  and  in  several  mineral  waters. 

Iron  is  a  metal  of  a  blue  white  colour,  fusible  at  a  white  heat.  Propaiti«. 
Its  specific  gravity  is  7,7S.     It  has  not  been  so  long  known  as 
many  of  the  other  metals ;  it  was,  however,  employed  in  the 
time  of  Moses  for  cutting  instruments.     It  is  extremely  ductile, 
but  cannot  be  hammered  out  into  very  thin  leaves. 
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NaUve.  12S7.  IroD  is  sometimes  found  native,  and  is  usually  regard- 

ed as  of  meteoric  origin,  for  it  is  invariably  alloyed  by  a  por- 
tion of  the  metal  nickel,  and  a  similar  alloy  is  found  in  meieoric 
stones.  Native  Iron  is  flexible,  cellular,  and  often  contains  a 
green  substance  of  a  vitreous  appearance.  It  has  been  found  in 
Africa,  in  America,  and  in  Siberia,  where  a  mass  of  it  weighing 
1600  lbs  was  discovered  by  Professor  Pallas.  The  mass  found 
in  Peru,  described  by  Don  Rubin  de  Celis,  weighed  15  tons.* 

oombines  1338.  Iron  and  Oxygen. — Exposed  to  heat  and  air  iron 

with  oxygen*        •    i  ■  .,.  •'*='  .      *^  ,  Ti»  .1 

quickly  oxidizes,  or  in  common  language,  rusts,  if  the  tempe- 
rature of  the  metal  be  raised,  this  change  goes  on  more  rapidly, 
and  when  made  intensely  hot,  takes  place  with  the  appearance 
of  actual  combustion.  Thus  the  small  fragments,  which  fly 
from  a  bar  of  iron  during  forging,  undergo  a  vivid  combustion 
in  the  atmosphere ;  and  iron  tilings,  projected  upon  the  blaze  of 
a  torch,  burn  with  considerable  brilliancy.  The  oxide,  obtain- 
ed in  these  ways  is  of  a  black  colour,  and  is  still  attracted  by 
the  magnet. 
Effect  of  wa-      1239.  By  contact  with  water  at  the  temperature  of  the  atmos- 

tcft   at  com-      ,  ,•',  ,,  -i-jiLj  • 

mon tempera,  pherc,  irou    becomcs   slowly  oxidized,  and    hydrogen    gas  is 
^'^'  evolved.     It  has  been  contended  by  Dr  Marshall  Hall,t  that 

water,  provided  it  be  entirely  deprived  of  oxygen  gas,  and 
secured  from  contact  with  atmospheric  air,  does  not  oxidate 
iron  at  common  temperatures ;  but  it  has  been  shown  by  M. 
Guibourt,^  that  this  inaction  of  pure  water  on  iron,  takes  place 
only  when  the  quantity  of  metal  relatively  to  the  fluid  is  very 
small ;  and  that  a  temperature  of  from  120^  to  140^  F.  renders 
water  decomposable  by  iron,  especially  when  the  metal  bears  a 
considerable  proportion  to  the  water. 
Of  iteam.  1240.  When  the  steam  of  water  is  brought  into  contact  with 

red-hot  iron,  the  iron  is  converted  into  the  black  oxide ;  and  an 
immense  quantity  of  hydrogen  gas  is  set  at  liberty  (391).  The 
iron  is  found  to  have  lost  all  its  tenacity,  and  may  be  crumbled 
down  into  a  black  powder,  to  which  the  name  o{ finery  cinder 
was  given  by  Dr  Priestly.  In  composition  it  does  not  appear 
to  differ  from  the  oxide  of  iron  obtained  by  the  action  of  atmos- 
pheric air,  and  it  is  strongly  magnetic.  By  a  careful  repetition 
of  the  process,  Dr  Thomson  found,  that  100  grains  of  iron, 
Ignited  in  contact  with  the  vapour  of  water,  acquire  29,1  grains 
of  oxygen. 
CH* dilute aui.  1241.  When  iron  is  dissolved  in  diluted  sulphuric  acid,  the 
p  uiiouc  .  ^^.^  .^  ^^^  decomposed  ;  but  the  metal  is  oxidized  at  the  expense 
of  (he  water,  and  hydrogen  gas  is  obtained  in  abundance.  (371). 
Now  as  water  is  composed  of  two  volumes  of  hydrogen  and 
one  of  oxygen,  a  quantity  of  oxygen,  equal  in  volume  to  half 
the  hydrogen  gas  obtained,  must  have  combined  with  the  metal ; 
that  is,  for  every  200  cubic  inches  of  hydrogen,  oxygen  equal 

*  Many  roasaet  are  seattered  over  the  cootiaent  of  North  America,  for  which  aee  Cleavelajid^s 
Mineralogy^  583. 
t  Jour,  Roy.  IjuU  TtL  55.  }  -^mn.  do  Ckim,  cl  Pkyo,  zJ,  401 
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to  100  cubic  inches  or  33,8  grains  must  have  united  with  the 
metal.  But  100  grs.  of  pure  iron  evolve  by  acting  on  dilute 
sulphuric  acid  170  cubic  inches  of  hydrogen  gas  at  a  mean  of 
the  barometer  and  thermometer^  showing  that  oxygen  ss  85 
cubic  inches,  or  28,73  grs.  must  have  united  with  the  metali 
during  its  solution.  Dr  Thomsom,  from  an  experiment  of  this 
kind,  found  that  35  grains  of  iron,  after  the  action  of  dilute 
sulphuric  acid,  had  gained  10  grs.  of  oxygen,  59  cubic  inches 
of  hydrogen  being  evolved.  It  is  to  be  considered,  however, 
that  the  purity  of  the  iron  employed  will  materially  affect  the 
result;  for  if  the  iron  contain  charcoal,  as  is  almost  always  the  . 
case,  carburetted  hydrogen  will  be  mixed  with  the  hydrogen ; 
and  the  hydrogen  in  this  gas  being  in  a  condensed  state,  the 
apparent  will  be  less  than  the  real  quantity  of  hydrogen  disen* 
gaged. 

Iron,  by  the  last  process  which  has  been  described,  is  con- 
verted into  an  oxide  of  a  black  colour,  still  retaining  the  mag- 
netic property.     H.  2.  22. 

1242.  'Th^  protoxide  of  iron  may  be  procured  by  precipitat-  ProtoEidt: 
ing  a  solution  of  sulphate  of  iron  by  potassa,  washing  the  pre- 
cipitate out  of  the  contact  of  air,  and  drying  it  at  a  red  heat     It 

is  black,  and  consists  of  29  iron  -f-  8  oxygen  =  36. 

The  recently  precipitated  protoxide  of  iron  is  sparingly  solu- 
ble in  ammonia,  and  in  carbonated  alkalies. 

Protoxide  of  iron  may  also  be  obtained  by  burning  iron  in 
oxygen  gas;  this  very  beautiful  experiment  was  devised  by  pi.m.iif.T!^ 
Dr  Ingenhouz,  and  is  best  performed  by  attaching  a  straight 
piece  of  watch  spring,  wound  round  with  harpsichord  wire,  to 
tlie  stopper  of  an  air-jar  of  oxygen  gas  :  as  the  wire  burns,  it 
drops  in  black  globules  of  oxide  into  the  water  beneath. 

This  oxide  of  iron  used  to  be  prepared  for  pharmaceutical  use, 
by  moistening  iron  filings  with  a  small  quantity  of  water,  and 
exposing  them  to  the  air  for  a  day  or  two ;  a  quantity  of  black 
oxide  thus  forms,  which  is  separated  by  washing,  and  the  pro- 
cess repeated  till  the  whole  of  the  metal  is  thus  oxidized.  It 
was  called  mariialeihiops\.  It  is  black,  tasteless,  and  insoluble 
in  watei*. 

1243.  When  protoxide  of  iron  is  boiled  in  nitric  acid,  and 
precipitated  by  ammonia,  washed,  and  dried  at  a  low  red  heat, 
it  increases  in  weight  and  acquires  a  brown  colour.  This  is 
the  peroxide*  composed  of  28  iron  +  12  oxygen  =  40.  It  may 
be  also  obtained  by  igniting  green  vitriol,  and  was  formerly 
known  by  the  name  of  crocus  martiSf  or  Saffron  of  Mars^  otowm 
and  colcothar. 

M.  Gay-Lussact  has  detailed  some  experiments,  which  he 
considers  as  demonstrating  the  existence  of  a  third  definite 
oxide  of  iron,  intermediate  between  the  above  oxides,  and 


i^w*^i»W— iWWn«f'ii^ 


*  Triioxide  of  Thenard,  ii.  341,  edit.  4. 

t  Amu  d0  CMm.  et  PJkr«*  i*  ud  Jtun^  4t  Ckim.  Imk. 
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composed  of  iron  100  + oxygen  37,8.  It  is  probably  a  com^ 
pound  of  1  atom  of  the  protoxide  and  2  atoms  of  peroxide.    H. 

Bqaivnient         In  Order  that  the  representative  number  of  iron  may  also  be 

■umber.  j^^  equivalent  number,  it  is  represented  by  28.  But  the  perox- 
ide, instead  of  consisting  of  1  proportional  metal  +  2  oxygen, 
consists  of  1  proportional  metal  +  1,5  oxygen ;  and  the  chloride 
and  perchloride  bear  the  same  relation  to  each  other.  The  case 
however  is  different  with  the  sulphurets ;  for  the  sulphuret  con* 
fists  of  1  proportional  iron  +  1  sulphur :  and  the  bi-sulphuret  of 
1  iron  +  2  sulphur. 

M.  Gay-Lussac  has  shown  the  curious  fact,  that  although 
red-hot  iron  decomposes  water,  hydrogen  is  capable  of  decom- 
posing all  the  oxides  of  iron  at  a  red  heat.*t 

Sbdl^  1244.  The  Native  Oxides  of  Iron  constitute  a  very  exten- 

sive and  important  class  of  "metallic  ores.  They  vary  in  colour, 
depending  upon  mere  texture  in  some  cases;  in  others,  upon 
the  degree  of  oxidizement.  Some  varieties  are  magnetic,  and 
those  which  contain  least  oxygen  are  attracted  by  the  magnet. 
The  most  important  are  Magnetic  Iron  OrCj  which  occurs 
massive,  and  crystallized  in  octoedra.  Its  specific  gravity  is 
4,5.  It  is  often  sufficiently  magnetic  to  take  up  a  needle.  It 
occurs  chiefly  in  primitive  countries,  and  is  very  abundant  in 
Sweden,  where  it  is  manufactured  into  a  bar-iron  particularly 
esteemed  for  making  steel. 

Iran  glance.  Another  Variety  of  oxide  of  iron  is  called  iron  glance^  and 
micaceous  iron  ore.  It  is  found  in  the  isle  of  Elba;  and  among 
volcanic  products.  A  third  variety  is  Hsematite^  or  red  iron- 
stone ;  it  occurs  in  globular  and  stalactitic  masses,  having  a 
fibrous  and  diverging  structure*  Most  of  the  British  iron-plate, 
and  wire,  is  made  from  it. 

A  fourth  variety  of  oxide  of  iron  is  known  under  the  term  of 
clay  iron-stone,  on  account  of  the  quantity  of  argillaceous  earth 
with  which  it  is  contaminated.  Though  this  is  far  from  the 
purest  iron  ore  found  in  Great  Britain,  it  is  the  chief  source  of 
the  cast  and  bar-iron,  in  ordinary  use*  Its  employment  is  chiefly 
referable, to  the  coal  which  accon^anies  it. 

The  essential  part  of  the  process  by  which  these  ores  of  iron 
are  reduced,  consists  in  decomposing  them  by  the  action  of  char- 

*  ^nn.  de  Ckim.  et  Ph^:  i.  37. 

t  According  to  dtromeyor,  whnn  hydrogen  gu  is  conducted  orer  peroslde  of  iron,  at  tamperaUvet 
below  that  at  which  complete  i^uction  is  elfected,  a  partial  deoxidation  ensues,  and  the  peroxide  it 
converted  into  a  real  protoxide  of  iron.  This  oxide  has  a  dark  blackish  blue  colonr,  appearing 
almost  black  by  reflected  light.  It  stains  glass  bine,  and  is  the  cause  of  that  eolotu  in  iron  slag*  It 
ii  highly  combustible,  and  if  after  its  formation  it  be  proteeted  from  the  air  by  an  atmosphePB  of 
hydrogen  till  quite  cold,  it  will  lake  fire  the  instant  it  is  placed  on  a  saucer,  so  as  to  be  expoaed  to  th« 
air,  but,  instead  of  passing  like  metallic  iron  into  the  black  oxide,  it  is  eompletely  eonTartod  ioto 
peroxide.  M.  Btroroeyer  refers  the  ignition  of  metallic  iron,  to  the  presence  of  this  protoxidoi  and 
states  that,  when  tkoroughFy  reduced  \*f  hydrogen,  the  pore  iroa  will  not  inflame  at  temparatana 
below  the  fbsing  point  of  cadmium.  M .  Btroraeyer  eontends  for  the  existeiice  of  only  two  oaidea  of 
iron,  the  blue  and  the  red.  M.  Magnus,  eontends  that  it  is  the  iron  which  inflames,  and  not  a  pro- 
toxide, and  that  oxide  of  iron  is  eompletely  reduced  1^  hydroffpn  at  a  tanptrataxo  batw—  Iho 
boiling  point  of  niMrcary  i^id  fosmg  point  of  idnt.«»BrawjrtM's  Jeir.  v.  3Q1. 
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coal  at  high  temperatures.  The.  argillaceous  iron  of  Wales, 
Shropshire^  &c.  is  first  roa3ted,  and  then  smelted  with  lime-stone 
and  coke :  the  use  of  the  former  being  to  produce  a  fusible  com* 
pound  with  the  clay  of  the  ore,  by  which  the  latter  is  enabled 
to  act  upon  the  oxide,  and  to  reduce  it  to  the  metallic  state. 

1245.  The  two  oxides  of  irou  form  distinct  salts  with  th'e 
acids.^ 

The  salts  containing  the  protoxide  arc  of  a  green  colour,  saitiofirra. 
mostly  cry  stall!  zable,  become  reddish  brown  by  exposure  to 
air,  and  their  solutions  absorb  nitric  oxide  gas  and  become  of  a 
deep  olive  colour.  The  salts  with  the  per-oxide  do  not,  with 
very  few  exceptions,  crystallize :  they  are  brown,  soluble  in 
alcohol,  and  do  not  absorb  nitric  oxide.  . 

The  alkalies  precipitate  hydralfed  oxides  from  these  solu- 
tions. 

1246.  Iron  and  Chlorine  unite  in  two  proportions;   the 
Proio^hloride  may  be  obtained  by  evaporating  proiomuriaie  Cbiorid*. 
o/*  iron  to  dryness,  and  exposing  the  residuum  to  a  red  heat, 

out  of  the  contact  of  air.  A  grey,  brittle,  lamellar  substance  is 
formed^  which  consists  of  1  atom  of  each  element.  coinpotitii». 

1247.  When  iron  wire  is  heated  in  chlorine,  it  burns  with  a  Pcrchiondt. 
red  light,  and  produces  a  compound  which  rises  in  beautiful 
brown  scales.     It  is  the /?ercAfortWe  of  iron.     It  consists  of 

Chlorioe      .    .    .    6B,1     .    .    «    .     100      ....     194,174 
Iron 33,9    ....      61,5  ....    100. 

100. 

In  this  case  we  have  also  the  apparent  anomaly  of  an  atom 
and  a  half  of  chlorine  being  united  with  an  atom  of  iron,  for 
100  :  51,5  :  :  36  x  1}=:  54,28.  H.  2.  22.  This,  apd  similar 
anomalies,  are  best  reconciled,  Dr  Henry  conceives,  by  multiply* 
ing  by  2  the  numbers  expressing  the  proportions,  which  will 
make  the  ratio  as  2  to  3,  instead  of  as  1  to  IJ.*-  The  chloride 
and  perchloride  of  iron  produce protomuriatef  and permuriate 
of  iron  when  acted  upon  by  water. 

1248.  Iron  and  Iodine  unite  and  form  a  brown  fusible  com-  ironanr 
pound   which   decomposes  water,  and  is   converted  into   the  '^'"^' 
hydriodate. 

1249.  Muriate  of  Iron. — Muriatic  acid  dissolves  iron  and  its  HuriatM. 
oxides  with  great  ease  ;  and  afibrds  two  distinct  salts,  differing 
from  each  other  according  to  the  state  of  oxidation  of  the  metal. 

The  muriate  containing  the  black,  or  protoxide,  is  green,  and 
that  containing  the  oxide  at  the  maximum,  or  peroxide,  red. 

*  That  tin  Qhlorine  in  the  proloehloride  of  iron  » to  thft  in  the  porehloride  as  1  Co  1,5»  is  ihown  hj 
Pr  Davy  in  hit  ralaable  paper  on  the  cbloridee,  (PkU.  Tramt'  181S,  109.)  and  the  eqairalent  numbw 
of  iron,  aa  dednoed  from  hia  analyaiB  it  somewhat  above  S8.  It  must  be  ooofeeaed  that  the  anomaly  in 
the  oxidee  and  ehloridea  of  iron  throws  some  diffieultjr  in  the  way  of  applying  to  them  their  equivalent 
nombers,  bat  as  the  foundations  of  chomistry  are  purely  experimental,  we  must  not  endeavoor  to  do 
away  that  difflouity  by  a  thaoretieal  aubstitnta.  Tlwre  is  a  diahience  in  the  relations  of  iron  to  oxygen 
and  chlorine,  compared  with  its  relations  to  solphari  which  does  not  exist  elsewhere ;  of  the  cause  af 
tUa  dUbraBoa  «•  va  tt  prsaavt  if aoraau   B. 
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1250.  The  green  or  protomuriate  of  Iron  is  best  obtained 
by  digesting  black  sulphuret  of  iron  in  dilute  muriatic  acid  ;  sul- 
phuretted hydrogen  is  evolved,  and  a  green  solution  obtained, 
which,  filtered  and  evaporated,  yields  palfe  green  crystals,  very 
soluble,  and  of  a  styptic  taste.  This  salt  abundantly  absorbs 
nitric  oxide  gas ;  the  solution  is  of  a  very  deep  brown  colour  ; 
when  heated,  red  oxide  of  iron  falls  and  a  portion  of  ammonia 
is  formed ;  a  great  part  of  the  gas  at  the  same  time  escapes. 

This  salt  may  also  be  obtained  by  dissolving  iron  filings  in 
muriatic  acid  excluded  from  air ;  but  the  above  process  is  pi*e- 
ferable,  as  the  sulphuretted  hydrogen  prevents  any  part  of  the 
iron  passing  into  the  state  of  permuriate. 

1251.  Permuriate  o/ Iron  is  formed  by  digesting  the  perox- 
ide in  muriatic  acid:  it  dissolves  without  the  evolution  of  chio* 
rine,  and  when  evaporated  to  dryness,  furnishes  a  reddish  brown 
deliquescent  mass  of  a  very  astringent  taste,  soluble  both  in 
water  and  alcohol.  It  forms  the  basis  of  the  tinctura  muriatis 
/erri  of  the  Pharmacopoeia.  Permuriate  of  iron  is  also  form- 
ed by  exposing  the  proton^uriate  to  air. 

Berzelius  describes  a  striking  experiment  founded  on  this 
property. 

If  a  solution  of  the  green  muriate  be  exposed  to  the  atmosphere,  in  a  fall 
cjliDdrica)  glass  j»r,  for  some  days,  and  n  few  drops  of  pure  ammonin  hi*  then 
introduced  at  different  depth?,  by  me'anit  of  n  tube,  the  precipitate  formed  near 
the  surface  will  be  green,  a  little  lower  blue ;  Ftill  lower  jrreji<h ;  then  of  a 
dirty  white ;  and  at  the  bottom  perfectly  white,  provided  time  bas  not  been 
allowed  for  the  atmoepheric  oxygen  to  penetrate  to  loir.     H.  2.  29. 

1252.  When  permuriate  of  iron  is  exposed  to  heat,  muriatic 
acid,  chlorine,  and  water  are  evolved,  chloride.of  iron  sublimes, 
and  a  portion  of  peroxide  remains  in  the  retort. 

1253.  When  muriate  of  amnu>nia  and  peroxide  of  iron  are 
mixed  and  exposed  to  heat  in  a  proper  subliming  vessel,  a  yel* 
low  sublimate  is  obtained,  which  is  the  ens  veneris  and  Jlores 
martiales  of  old  pharmacy ;  the  ammonioe  et  Jerri  murias  of 
the  Pharmacopceia  ;  it  consists  chiefly  of  muriate  of  ammonia, 
with  a  small  but  variable  proportion  of  permuriate  of  iron. 

1254.  Nitrate  of  Iron. — The  nitrate  of  iron,  it  was  long  ago 
shown  by  Sir  H.  Davy,  may  exist  in  two  different  states,  the 
green  or  proto-nitrate,  in  which  the  oxide  is  at  the  minimum 
of  oxidation,  and  the  red,  in  which  it  is  at  the  maximum. 

To  obtain  nitrate  of  iron,  in  which  the  oxide  is  at  the  mini- 
mum, acid  of  the  specific  gravity  of  1,25,  or  even  less,  must 
be  used ;  the  iron  must  be  added  in  large  pieces,  and  at  distant 
intervals,  and  the  operation  carried  on  without  the  access  of  air. 
When  this  solution  is  made  on  a  large  scale  for  the  purposes 
of  the  dyer,  it  is  proper  to  connect  the  vessel  in  which  it  is 
prepared,  with  a  large  receiver ;  for  in  the  latter,  a  quantity  of 
nitrous  acid  will  be  found,  which  is  worth  the  trouble  of  col- 
lecting.    H.  2.  28. 

1255.  Nitrate  of  iron  thus  prepared,  passes,  on  exposure  to 
the  atmosphere,  to  the  state  of  that  in  which  the  oxide  is  at  the 
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maxiniQm;  or  we  may  obtain  th«  per-nitrate  by  leaving  nitric 
acid  for  a  long  time  in  contact  with  protoxide  of  iron.  Crystals  . 
form  spontaneously  in  the  liquid,  which  ore  at  first  transparent 
and  colourless,  but  become  brown  by  keeping:;  their  ta^ite  is 
acid  and  astringent,  and  they  redden  regetablc  blues.  They 
contain  per  cent.  18  base,  41  acid,  and  41  water.     H.  2.  98. 

1256.  Sulphur  and  Iron. — Iron  combines  with  sulphur,  and  suiphwet. 
affords  compounds,  the  characters  of  which  vary  greatly  accord- 
ing to  the  proportions  of  their  components,     {a)  A  paste  of 

iron  filings,  sulphur  and  water,  if  in  suiScient  quantity,  will 
burst,  after  some  time,  into  a  flame,  {b)  A  mixture  of  one  part 
of  iron  filings  and  three  parts  of  sulphur,  accurately  mixed,  and 
melted  in  a  glass  tube,  at  the  moment  of  union,  exhibits  a 
brilliant  combustion.  The  best  method,  however,  of  effecting 
the  combination  of  iron  and  sulphur  is  to  take  a  bar  of  the  metal, 
while  of  a  glowing  heat,^from  a  smith's  forge,  and  to  rub  it  with 
a  roll  of  sulphur.*  The  compound  of  iron  and  sulphur  falls 
down  in  drops,  and  may  be  preserved  In  a  phial.  Of  the  com- 
pounds of  sulphur,  this  is  one  of  those  which  are  best  adapted 
for  affording  pure  sulphuretted  hydrogen  gas  with  diluted  acids. 
{c)  Berth ier  formed  the  proto-sulphuret  of  iron  by  heating  the 
proto-sulphate  in  a  charcoal  crucible. 

In  the  sulphuret,  made  artificially  by  fusion,  as  well  as  in  the 
native  sulphuret,  iron  (it  has  been  shown  by  Proust  and  Mr 
Hatchett)  is  in  the  metallic  state.  Two  compounds  of  iron  and 
sulphur  have  been  proved  to  exist,  the  one  with  a  smaller,  the 
other  with  a  larger  proportion  of  sulphur.  The  former,  which 
is  distinguished  by  the  property  of  being  magnetic,  is  iheproto* 
sulphuret.  The  bi-sulphuret  is  known  only  as  a  natural  pro- 
duct; it  is  not  magnetic,  is  nearly  insoluble  in  diluted  siUphuric 
and  muriatic  acids ;  and  gives  no  sulphuretted  hydrogen  gas  with 
acids.  But  the  proto-sulphuret  is  readily  soluble  in  dilute  acids^ 
and  gives  during  solution  abundance  of  sulphuretted  hydrogen. 
It  is  composed  of  28  iron  +  16  sulphur;  and  the  yellow,  or 
6i-sulphuret,  of  28  iron  -|-  32  sulphur.     H.  2.  35, 

1257.  The  natural  sulphurets  of  iron  are  called  iron  pyrites^  ironpyntofc 
and  Mr  Hatchett  has  shown  that  the  magnetic  pyrifes  contains 

just  half  the  proportion  of  sulphur  existing  in  the  common 
pyrites  A 

The  principal  use  of  pyrites  is  in  the  formation  of  green  uw. 
vi/nW,  for  which  purpose  the  ore  is  gently  roasted  and  exposed 
to  air  and  moisture.     Some  varieties  are  spdutaneously  decom- 
posed, and  furnish  this  salt.     Pyrites  has  also  lately  been  used 
in  the  production  of  sulphuric  acid, 

1258.  Sulphate  of  Iron. — When  diluted  sulphuric  acid  is  saiphatoi 
made  to  act  upon  iron,  we  obtain  a  compound  of  that  acid  with 

the  protoxide,  a protosulphate  of  iron.     The  solution  yields 
crystals^  which  have  a  beautiful  green  colour,  and  the  shape 


•  See  Jim&r.  Jvw.  of  Sdance,  Tiii.  104.  t  /*Ai7.  Trans*  laM, 
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Persulphate  of  Iron. 


OBAV.  it; 


Co0peiui. 


of  oblique  rhombic  prisms,  not  of  rhomboids,  as  is  sometimes 
represented,*^  They  hare  a  styptic  taste,  and  are  soluble  in 
about  2  of  cold  parts  and  |ths  their  weight  of  boiling  water,  but 
insoluble  in  alcohol. 

1259.  This  salt  is  called  copperas  or  green  vitriol^  and  is 
often  prepared  by  exposing  roasted  pyrites  to  moisture,  in  which 
case  it  is  impure.  It  is  usually  formed  by  dissolving  iron 
filings,  or  turnings,  in  dilute  sulphuric  acid,  filtering  and  evap- 
orating the  solution,  and  setting  it  aside  to  crystallize.  It  is 
also  obtained,  perfectly  free  from  persulphate,  by  acting  upon 
sulphuret  of  iron  by  dilute  sulphuric  acid.  It  consists  of  one 
proportional  of  protoxide  =  36  +  1  proportional  of  acid  =  40, 
and  in  its  crystallized  state  contains  seven  proportionals  of 
water  =  63.  Its  solution  absorbs  nitric  oxide  gas,  and  acquires 
a  deep  brown  colour ;  it  also  absorbs  chlorine,  muriatic  acid  is 
formed,  and  the  iron  becomes  peroxidized  so  that  water  is  here 
decomposed. 

1260.  Exposed  to  air  and  moisture,  the  protosulphate  of  iron 
gradually  absorbs  oxygen,  and  is  partly  converted  into  a  per- 
sulphate.t  It  may  also  be  converted  into  persulphate  by  nitric 
acid.  When  heated,  it  fuses  in  its  water  of  crystallization,  and 
at  a  high  temperature  evolves  a  mixture  of  sulphurous  and  sul- 
phuric acids,  peroxide  of  iron  remaining  in  the  vessel :  by  this 
process  sulphuric  acid  used  formerly  to  be  prepared,  and  the 
residue  was  known  under  the  name  of  caput  mortuum  vitrioli 
or  colcothar.  If  the  green  crystals  of  this  salt  be  exposed  to  a 
temperature  of  about  300°,  they  lose  a  portion  of  water,  and 
crumble  down  into  a  white  powder.:]: 

?6na)pbata.  1261.  Persulphate  of  Iron  is  obtained  by  dissolving  the 
moist  red  oxide  in  dilute  sulphuric  acid  ;  it  does  not  crystallize, 
but  affords,  by  evaporation,  a  brown  deliquescent  mass,  consist- 
ing of  1  proportional  of  peroxide  +  1,5  sulphuric  acid,  or  40 
oxide  +  60  sulphuric  acid.  It  is  formed  in  the  mother  waters 
of  the  sulphate.  Its  taste  is  highly  astringent,  and  when  dry  it 
becomes  white. 


Absorb!  oxy- 
gen by  oxpo- 
•ore  to  «ir> 


NltiTt. 


*  jlmi,  of  Pkilos.  xi.  984. 

t  Whon  a  solution  of  proto-solphato  of  iron  is  heated  with  access  of  air,  part  of  the  protoxide  passc< 
to  tlie  stato  of  peroxide,  and  combining  with  a  portion  of  arid,  falb  down  in  tbo  form  of  a  jrcllow 
powder,  which,  according  to  Bercelius,  is  a  sulphate  of  the  peroxide  with  excess  ef  ftore,  or  a  m^- 
persutpkate.    The  proportions  of  its  components  are 


Sulphuric  acid 
Psroxide  of  iroa 
Water  -    -    -    • 


-  -    -    15,5    - 
.    .    .    fi3,      - 

-  -    -    21,5    - 


Atoms* 

.    .    1    -  - 

-  .    4    -  - 

-  -    6    -  - 


s=    40 

=:1G0 
=:     54 


100,  854 

Other  sulphates  with  base  of  peroxide  of  iron  (called  from  the  atomic  proportions  of  their  constituents 
per^isHlphatty  and  prr-quedrisulphate)^  ha^c  been  investigated  by  Dr  Thomson  and  others.  (jf*ii* 
Pkilos.  X.  109.  xtii.  466  and  996.)  ;  hut  no  sulphate  of  protoxide  with  exeess  ef  mdd  ia  yet  known. 
The  sulphurous  acid,  also  unites  with  protoxide  of  iron,  and  forms  a  smlpkiU  ;  and  this  sulphite^ 
taking  an  additional  quantity  of  sulphur,  composes  a  sulpkmreUed  nlpkite»    H.  9. 97. 

t  M'ative  Oreen  Vitriol  is  frequently  found  a«ociattd  with  iron  pyiitM,  btiof  prodac«d  by  ilt 
Jeeomposition :  it  ecci^i  in  some  coal  mines. 
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1262.  Phasphuret  of  Iron  may  be  formed  by  dropping  phos-  p^oqibw^. 
phorus  into  a  crucible  containing  red-hot  iron  wire ;  it  is  a  brit- 
tle grey  compound,  and  acts  upon  the  magnet* 

1263.  Phosphates  of  Iron. — These  are  both  insoluble,  and  Pb^phAtM. 
may  be  formed  by  adding  solution  of  phosphate  of  ^oda,  to 
protosulphate  and  persulphate  of  iron.     The  protophosphate  of 

iron  is  of  a  pale  blue  colour ;  the  perphosphate  is  white. 

1264.  Native  Protophosphate  of  Iron  occurs  in  the  form  of  ^aurt* 
a  blue  earthy  powder,  and  also  in  prismatic  crystals.!    The 
former  has  sometimes  improperly  been  termed  Native  Prus^ 
Stan  Bluey  and  has  been  found  in  alluvial  soil :  the  latter  occurs 
with  iron  pyrites  in  Cornwall. 

1265.  Iron  and   Carbon, — Iron  combines  with  carbon  in  Cwburot. 
various  proportions ;  and  the  varieties  of  proportion  occasion 
great  differences  of  properties  in  the  compounds.     On  these 
varieiies,  and  the  occasional  combinatioi)  of  a  small  proportion 

of  oxygen,  depend  the  qualities  of  the  different  kinds  of  iron 
used  in  the  arts,  as  cast-iron,  steel,  &c.  &c. 

1266.  The  substance  termed  Plun^bago,  Graphite^  or  Black  PinnOwg*. 
Leady  is  generally  regarded  as  a  true  carburet  of  iron :  this  is 

not  an  uncommon  mineral,  though  rarely  found  of  sufficient 
purity  for  the  manufacture  of  pencils  :$  the  coarser  kinds  and 
the  dust,  are  inelted  with  sulphur  to  form  common  carpenters' 
pencils :  crucibles  are  sometimes  made  of  it,  and  it  forms  an 
ingredient  in  compositions  for  covering  cast-iron,  and  for 
diminishing  friction  in  machines.  According  to  Messrs  Allen 
and  Pepys  it  consists  of 

95  carbon  -{-  5  iron  ^  100. 
Phimbago  burns  with  great  difficulty  :  its  composition  was  Effect  <it 
ascertained  by  the  above-menlioned  chemists,  by  exposing  it  in      '* 
the  apparatus  used  for  burning  the  diamond,  to  a  current  of 
oxygen  at  a  red  heat,  and  ascertaining  the  quantity  of  carbonic 
acid  and  of  oxide  of  iron  thus  produced. §     When  intensely 
heated  in  a  Toriceliian  vacuum  by  a  Voltaic  battery,  Sir  H. 
Davy   fotmd   that  its    characters  remained   wholly   unaltered, 
neither  could  any  evidence  of  its  containing  oxygen  be  derived 
from  the  action  of  potassium.     But  when  exposed  to  the  focus 
of  a  powerful  burning  lens  in  oxygen  gas,  it  was  observed  that 
the  gas  became  clouded,  and  that  dew  was  deposited,  indicat- 
ing the  presence  of  hydrogen  or  of  water.|| 

1267.  Carbonate  of  Iron. — The  only  oxide  of  iron,  so  far  Carbontte. 
as  is  yet  known,  that  is  capable  of  uniting  with  carbonic  acid, 

^  Upoo  the  ■iibject\>f  the  iMfDotie  qmaJities  of  the  lolplraret  and  phMpfaoret  of  iron,  the  reader  ii 
nfened  to  Mr  Hatehett's  aoalyiia  of  the  mafoetic  pyritee.— PAii.  TrtaU'  1804. 

t  Bee  deavelftad*!  Miiur*hgy,  SIS. 

t  See  a  deeeriptioii  of  tfa^miM  at  Borroilale.    Jetfea  Jtmr.  #/  PAOm.  ii.  3SS. 

%  Aa  i^feoiooe  node  of  analjiic  employed  by  Ifr  Unahet,  eoneiats  in  aacertaiaiBf  the  qoaatity  of 
fithaife  whioh  a  fiTeii  qiiantity  of  the  iron  ooder  eiamioatioD  ii  capable  of  reducing  te  a  oieulUtf 

t  Ob  th«  teion  of  plambago  by  mmi  ef  Dr  Haia*!  DeSafrator,  lee  wffaier.  Jtur.  r't.  344, 4te« 
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18  the  protoxide.  Proto -carbonate  of  iron  is  found  native,  con- 
sisting of  1  atom  of  protoxide  +  1  atom  of  carbonic  acid.  It 
has  not  been  formed  artificially ;  nor  are  we  acquainted  with 
any  solid  compound  of  the  peroxide  of  iron  with  carbonic  acid. 
The  sub-carbonate  of  the  London  Pharmacopoeia*  is  composed 
of  about  40  per  cent,  carbonate  of  iron,  and  60  of  the  peroxide.t 

1268.  Ferro-cyanate  of  Iron  or  Prtissian  Blue  is  usually 
prepared  by  the  following  process  : — Equal  parts  of  subcarbo- 
nate  of  potassa  and  some  animal  substance,  such  as  dried  blood, 
or  horn  shavings,  are  heated  red  hot,  in  a  crucible,  and  six  or 
eight  parts  of  water  are  poured  upon  the  mixture  when  it  has 
quite  cooled.  The  solution  is  filtered,  and  found  to  contain 
cyanide  of  potassium.  It  is  mixed  with  a  solution  containing* 
two  parts  of  alum  and  one  of  proto-sulphate  of  iron  ;  a  precipi- 
tate falls,  at  first  of  a  dingy  green  hue,  but  which,  by  copious 
washings  with  very  dilute  muriatic  acid,  acquires  a  fine  blue 
tint,  and  is  called  Prussian  BluCy  having  been  discovered  by 
Diesbach,  a  colour-maker  of 'Berlin,  in  1710.  The  first  descrip- 
tion of  the  mode  of  preparing  it  is  given  by  Woodward  in  the 
Phil.  Trans,  for  1724. 

1^69.  In  this  process  the  animal  matter  is  decomposed,  and 
resolved  into  a  variety  of  products  arising  from  the  reunion  of 
its  ultimate  component  parts.  The  matter  remaining  in  the 
crucible  contains  cyanide  of  potassium,  and  when  acted  upon 
by  water,  hydrocyanate  of  potassa,  with  a  little  carbonic  acid 
and  ammonia,  is  formed  in  consequence  of  the  decomposition 
of  a  portion  of  tlie  water  ;  and  consequently  the  principal  salts 
contained  in  the  washings  of  the  black  matter  remaining  in  the 
crucible  are  carbonate  and  hydrocyanate  of  potassa,  which, 
when  added  to  a  solution  of  sulphate  of  iron,  form  a  precipitate 
of  oxide  and  ferrocyanate  of  iron  ;  the  former  is  removed  by 
the  dilute  muriatic  acid.  The  aluminous  earth  of  the  alum 
gives  a  body  to  the  precipitate,  which  improves  it  as  a  pigment. 

The  above  seems  to  be  the  simplest  view  of  the  formation 
and  composition  of  Prussian  blue  ;  a  variety  of  other  opinions 
respecting  its  nature  have  been  entertained,  but  they  require 
further  experimental  verification.  B. 
.  .  1270.  The  Prussian  blue  of  commerce  is  an  impure  substance, 
S^cbemfcai  and  coutaius  a  variety  of  other  matters,  especially  a  quantity  of 
alumina.  For  chemical  experiments,  it  is  proper,,  therefore,  to 
prepare  it  by  mixing  the  solutions  of  ferrocyanate  of  potassa 
and  proto-sulphate  or  proto-muriate  of  iron)  and  washing  the 
precipitate,  first  with  muriatic  acid,  and  then  with  water.  The 
precipitate  produced  is  at  first  an  exceedingly  light  blue,  and 
continues  so,  as  long  as  it  is  guarded  from  the  action  of  the 
atmosphere ;  but  it  changes  to  a  deeper  blue  by  exposure  to 
the  air,  or  by  mixture  with  any  agent  capable  of  imparting 
oxjrgen.     If  per-sulphate  of  iron  be  substituted  for  the  proto- 
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sulphate,  the  precipitate  is  at  first  apparently  of  a  fine  colour^ 
but  becomes  bj  drying  almost  black. 

1271.  Prussian  blue  is  insoluble  in  water,  and  in  acids,  unless  Propertiei. 
when  they  are  concentrated   and  heated.     When  thoroughly 
dried,  it  shows  a  gre^t  affinity  for  moisture,  by  absorbing  it 
rapidly  from  the  atmosphere.     It  is  not  decomposed  by  being 
heated  to  307^  F. ;  but,  at  a  higher  temperature,  it  catches  fire 

and  burns  in  the  manner  of  tinder,  leaving  from  54  to  60  per 

cent  of  oxide  of  iron.    '  *  '  -  ' 

Prussian  blue  submitted  to  distillation  per  se  gives  water, 
hydrocyanate  of  ammonia,  carbonic  acid,  and  other  gases.* 
H.  2.  31. 

1272.  The  salts  of  iron  are  mostly  soluble  in  water  and  the  charaetewof 

...,,.,,  ,  "^         .  •  T^  Miti  of  iron. 

solution  IS  reddish  brown,  or  becomes  so  by  exposure  to  air.  It 
affords  a  blue  precipitate  with  ferrocyanate  of  potassa ;  and  a 
black  precipitate  willi  hydrosulphuret  of  ammonia.  Infusion  of 
gall-nuts  produces  a  black  or  deep  purple  precipitate.  The 
hydriodic  acid  occasions  no  change. 

1273.  Of  the  alloys  of  iron,  tin-plate  is  that  most  used.     It  AUoyt. 
is  made  by  dipping  clean  iron  plates  into  melted  tin.     The 
process  is  described  at  length  by  Mr  Parkes.t    When  tin-plate 

is  washed  over  with  a  weak  acid^  the  crystalline  texture  of  the 
tin  becomes  beautifully  evident,  forming  an  appearance  which 
has  been  called  moire  metalliqtie.X 

1214.  An  extremely  important  part  of  the  chemical  history 
of  iron  relates  to  the  varieties  of  the  metal  which  are  found  in 
commerce.  These  are  much  too  numerous  to  be  dwelt  upon 
here;  so  that  we  shall  limit  our  observations  to  the  principal  of 
them  only,  which  are  cast  iron,  wrought  iron  and  steel. 

Of  cast  iron  there  are  two.  principal  varieties,  distinguished  Cwtiron. 
by  the  terms  white  and  grey.     The  first  is  very  hard  and  brit- 
tle, and  when  broken,  of  a  radiated  texture.     Acids  act  upon 
it  but  slowly,  and  exhibit  a  texture  composed  of  a  congeries  of 
plates,  aggregated  in  various  positions. § 

Grey  or  mottled  iron  is  softer  and  less  brittle ;  it  may  be  oroy  iron. 
bored,  and  turned  in  the  lathe.     When  immersed  in  dilute  > 
muriatic  acid,  it  affords  a  large  quantity  of  black  insoluble 
matter,  which  Mr  Daniell  considers  as  a  triple  compound  of  , 
carbon,  iron,  and  silicon,  and   which  has  some  very  singular 
properties.     The  >texture  of  the  metal  resembles  bundles   of 
minute  needles. 

1275*  Cast  iron  is  cQnverted  into  wrought  iron  by  a  curious  ^'^<^^ 
process,  cailed puddling.  The  cast  iron  is  put  into  a  reverbera-  ^^  *"*' 
tory  furnace,  and  when  in  fusion  is  stirred,  so  that  every  part 

*  Boijdea  Prumian  bluot  there  appears  from  Beraelius*  experimentg  (Mtui.  of  PkUoa,  N  6.  i.  444.) 
to  be  anothor  blue  compound  of  the  same  elemenlt,  which  is  soluble  to  some  extent  in  water.  Prut- 
■ian  blue,  io  the  dingy  green  state  in  which  it  is  first  precipitated  seems  also  to  contain  an  excess  of 
base,  which  moriatie  acid  removes.  There  are  probably,  therefore,  three  compounds  in  which  the 
peroxide,  and  one  in  which  the  protoxide,  exists  as  base.    H. 

t  Boston  Jour-  of  Pkiloo*  ii.  343.  t  Quarterly  Jour,  of  Science^  vol.  y.  368. 

^  l}aai9\\t  Q^^rU  Jour.  Set.  and  Jlrts.  vol*  ii.  380. 
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may  be  exposed  to  the  air  and  flame.  After  a  time  the  mass 
heaves,  emits  a  blue  flame,  and  gradually  grows  tough  and 
becomes  less  fusible^  and  at  length  congeals.  In  that  state  it  is 
passed  successively  between  rollers,  by  which  a  large  quantity 
of  extraneous  matter  is  squeezed  out»  and  the  bars  are  now 
malleable.  They  are  cut  into  pieces,  placed  in  parcels  in  a 
very  hot  reverberatory  furnace,  and  again  hammered  and  rolled 
out' into  bars.  They  are  thus  rendered  more  tough,  flexible 
and  malleable,  but  much  less  fusible,  and  may  be  considered  as 
nearly  pure  iron* 

Analysis  shows  that  cast  iron  contains  oxygen,  carbon,  often 
sulphur  and  phosphorus,  either  silica  or  silicon,  and  it  appears 
very  probable  that  calcium  exists  in  some  of  the  varieties. 

By  the  process  of  puddHng  and  rolling,  these  substances  are 
burned  away  or  squeezed  out,  and  thus  malleability  is  conferred 
upon  the  metal  by  rendering  it  more  pure.  A  specimen  of  cast 
iron  analyzed  by  Berzelius  aflbrded  iron  91,53— manganese 
4,57— carbon  3,90. 

woStirSn.  ^  ^^^  ^^  wrought  iron,  when  its  texture  is  examined  in  the 
mode  pointed  out  by  Mr  Daniell,  presents  a  fasiculated  ap- 
pearance, the  fibres  running  in  a  parallel  and  unbroken  course 
throughout  its  length.  This  structure  may  be  well  seen  by 
tearing  a  bar  of  wrought  iron  asunder. 

Steel.  1276.  Steel  is  a  compound  of  iron  with  carbon,  the  propor- 

tions being  variable.  It  combines  the  fusibility  of  cast  with  the 
malleability  of  bar  iron,  and  when  heated  and  suddenly  cooled 
it  becomes  very  hard,  whence  its  superiority  for  the  manufac- 
ture of  cutting  mstruments.  If  kept  for  a  long  time  in  fusion, 
it  loses  carbon  and  becomes  pure  iron. 

CementMioo*  Iron  is  Converted  into  steel  by  a  process  called  cementation^ 
which  consists  in  heating  bars  of  the  purest  iron  in  contact  with 
charcoal :  It  absorbs  carbon  and  increases  in  weight,  at  the  same 
time  acquiring  a  blistered  surface.  This,  when  draw^n  down  ,  j 
into  smaller  bars  and  beaten,  forms  tilted  steel;  and  this  broken 
up,  heated,  welded,  and  again  drawn  out  into  Bars,  forms  shear 
steel.  English  cast  steel  is  prepared  by  ^fusing  blistered  steel 
with  a  flux  composed  of  carbonaceous  and  vitrifiable  ingredients, 
casting;  it  into  ingots,  and  afterwards,  by  gentle  heating  and 
carefully  hammering,  giving  it  the  form  of  bars.* 

1277.  Messrs  ^todart  and  Faraday  found,  that  by  intensely 
heating  pure  steel  with  charcoal  powder,  a  carburet  o/iron^ot 
a  dark  grey  colour,  very  brittle  and  highly  crystalline  was 
formed,  which  aflbrded  upon  analysis 

94,36  iron  +  5,64  carboi  =  100. 

In  this  compound,  which  was  frequently  made  and  afforded 
the  same  results  on  analysis,  and  which  therefore  may  be  re- 

,  -  -    ■  _  -.^ — , — , —    ■■,  ■-       -  -,,^1 , ,^^„^^^^_,^^^^^_ ^_  , 

*  Mr  Daltnn  conceives  that  the  properties  which  distinguish  steel  from  iron  are  rather  owing  to  a 
peculiar  cryHtalhsation  or  arrangement  of  the  ultimate  particles  of  iron,  than  to  their  combinatioa 
with  carbon  or  any  other  substance.    JVsto  $y«l«»,  ite.  vol.  Sd.  p.  SIC    . 
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garded  as  definite,  the  proportion  of  carbon  very  far  exceeds 
that  in  steel,  <so  that  the  latter  is  probably  a  compound  of  pure 
iron  with  a  variable  proportion  of  the  true  carburet.* 

1278.  Wootz  or  Indian  steel  is  truly  valuable  for  the  pur-  Woqa, 
pose  of  making  edge  tools.     Its  peculiar  excellence  is  owing  to 
combination  with  a  minute  portion  of  the  earths  alumina  and 
silica :   or  rather,  perhaps,   with  the  bases  of  these  earths.t 
Whether  the  earths  are  found  in  the  ore,  or  are  furnished  by 

the  crucible  used  in  making  the  steel,  is  not  certainly  known ; 
nor  is  the  Indian  steel-maker  probably  aware  of  their  presence. 
Wootz,  in  the  state  in  which  it  is  imported,  is  not  fit  to  make 
into  fine  cutlery.  It  requires  a  second  fusion,  by  which  the 
whole  mass  is  purified  and  equs^lized,  and  fitted  for  forming  the 
finest  edge  instruments. 

1279.  When  steel  is  heated  to  a  cherry-red  colour,  and  then  Tempering. 
plunged  into  cold  water,  it  becomes  so  extremely  hard  and  brit- 
tle, as  to  be  unfit  for  almost  any  practical  purpose.     To  reduce 

it  from  this  extreme  hardness,  is  called  by  the  workmen  tern- 
peringj  and  is  effected  by  again  heating  the  steel  to  a  certain 
point.  The  surface  being  a  little  brightened  exhibits,  when 
heated,  various  colours  which  constantly  change -as  the  temperal- 
ture  is  increased,  and  by  these  colours  it  has  been  customary  to 
judge  of  the  temper  of  the  steel. 

A  more  accurate  as  well  as  convenient  method  is  to  use  a 
bath  and  thermometer ;  the  bath  may  be  of  mercury,  or  of  the 
fusible  mixture  of  lead,  tin,  and  bismuth,  or,  indeed,  of  any 
fluid  whose  boiling  point  is  not  much  under  600^.  Into  this 
bath  the  articles  to  be  tempered  are  put,  together  with  the  bulb 
of  a  thermometer  graduated  to  near  the  boiling  point  of  mercu- 
ry. The  corresponding  degrees  at  which  the  various  colours 
appear,  are  from  430°  to  600°.  The  first  change  is  at  about 
430°,  but  this  is  too  faint  to  be  distinguished,  except  by  com- 
parison with  another  piece  of  untempered  polished  steel.  At 
460°  the  colour  is  straw,  becoming  deeper  as  the  temperature  is 
increased  ;  at  500°  the  colour  is  brown  ;  this  is  followed  by  a 
red  •  tinge  with  streaks  of  purple,  then  purple,  and  at  nearly 
600°  it  is  blue. 

*  The  following  table,  drawn  up  by  Mr  Hiuh«t,thows  the  quanlitiea  of  charcoal  which  disappeared 
daring  the  conveisioa  of  iron  into  the  difiereot  avkcarbureit  of  tron  known  in  comineree.— •PAii> 
Mag.  xiii. 

Charcoal  abeorbed.  EESULTS. 

1"|^  .......  loft  cast  ateol, 

_±_  ....••.  common  cast  iteel, 

J_  .......  the  same,  but  harder, 

Jll  -------  theiame:  too  hard  for  drawing, 

JL,  ......'  white  cast  iron, 

^^    ..-•--•    mottled  ca«t  iron, 
JL    ..•--•-    black  cast  iron. 

When  the  carbon  amounts  to  ^  of  the  whole  rnaae,  th«  hardneia  if  at  a  ^tazimii^ 
t  QiMTlfi^  J^wmal^f  SntMC  vti.  386. 
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The  degrees  at  which  the  respective  colours  are  produced 
being  thus  known,  it  follows  that  the  workman  has  only  to  heat 
the  bathf^ith  its  contents  up  to  the  required  point.  For  exam- 
ple, suppose  the  blade  of  a  penknife  (or  one  hundred  of  them) 
to  require  tempering :  they  are  suffered  to  remain  in  the  bath 
until  the  mercury  in  the  thermometer  rises  to  460^,  and  no 
longer,  that  being  the  heat  at  which  the  knife  (supposing  it  to 
be  made  of  the  best  English  cast  steel)  will  be  sufficiently 
tempered. 

The  advantages  attending  this  method  are  obifious :  the  heat 
•    is  equally  applied  to  the  whole  ;  and  the  workman,  instead  of 
attending  to  the  colour  of  each  blade,  has  only  to  observe  the 
thermometer. 

1280.  Some  recent  experiments,  proving  that  steel,  for  certain 
uses,  is  sufficiently  tempered  long  before  it  is  heated  to  produce 
any  change  of  colour,  promise  to  give  additional  value  to  this 
process  by  a  thermometer.  The  knife  edges  attached  to  the  pen- 
dulum described  by  Capt.  Kater,*  were  forged  by  Mr  Stodart, 
from  a  piece  of  fine  wootz.  They  were  carefully  hardened,  and 
tempered  in  the  bath  at  430^  ;  on  trial  they  were  found  too  soft. 
They  were  a  second  time  hardened,  and  then  heated  to  212°. 
The  intention  was  to  increase  the  heat  from  that  point,  trying 
the  temper  at  the  advance  of  about  every  ten  degrees.  In  the 
present  instance  this  was  not  necessary,  the  heat  of  boiling 
water  proving  to  be  the  exact  point,  at  which  the  knife  edges 
were  admirably  tempered. 

It  is  highly  probable  that  steel,  for  many  uses,  may  be  suffi- 
ciently tempered  in  a  range  so  extensive  as  from  212^  to  430°, 
and  by  the  thermometer,  all  the  intervening  degrees  may  cer- 
tainly be  ascertained. 

That  the  colour  produced  on  the  surface  of  heated  steel  is  the 
effect  of  oxidation,  is  proved  from  the  circumstance  that  when 
steel  is  heated  and  suffered  to  cool  under  mercury  or  oil,  none 
of  the  colours  appear :  nor  do  they  when  it  is  heated  in  hydro- 
gen or  nitrogen. 
Alloys.  Steel  admits  of  being  alloyed  with  several  other  metals,  and 

the  alloys,'  as  appears  from  a  recent  investigation  of  Messrs. 
Stodart  and  Faradayt  are  applicable  to  various  uses. 


Section  XII.     Zinc. 

Method  of  '       1281.  Zinc  is  found  in  the  state  of  oxide  and  of  sulphuret. 

PQra"Einl  I^  ^^y  ^  obtained  pure  by  dissolving  the  zinc  of  commerce  in 
dilute  sulphuric  acid,  and  immersing  a  plate  of  zinc  for  some 
hours  in  the  solution,  which  is  then  filtered,  decomposed  by 
sub-carbonate  of  potassa,  and  the  precipitate  ignited  with  char- 
coal in  an  iron  or  earthen  retort. 

*  Phil,  Trans.  181d,  p.  38*  t  PkiU  Tran$.  18S2.  and  B^sUn  J9W,  PAsIm.  i.  13a 
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Common  zinc,  known  in  commerce  by  the  name  of  spelter , 
generally  contains  a  portion  of  lead,  copper,  iron,  traces  of 
arsenic  and  manganese,  and  a  little  plumbago  :  these  impurities 
remain  in  the  form  of  a  black  powder  when  it  is  dissolved  in 
dilute  sulphuric  acid.  * 

Zinc  is  a  bluish  white  metal,  its  specific  gravity  varies  from 
^fi  to  7,1,  it  is  malleable  at  300^,  but  very  brittle  when  its 
temperature  approaches  that  of  fusion,  which  is  about  680°.  It 
is  somewhat  ductile,  but  its  wire  posseses  little  tenacity. 

1282.  Oxide  of  Zinc  is  obtained  by  heating  the  metal  ex-  Ozide. 
posed  to  air.*     At  a  red  heat  it  takes  fire,  burns  with  a  bright 
flame,  and  is  converted  into  a  white  flocculent  substance,  for- 
merly called  pompholix,  nihil  albums  philosopher's  wooly  and 
flowers  of  zinc.     This  oxide,  however,  when  once  deposited, 

is  no  longer  volatile  ;  but  if  exposed  to  a  violent  heat,  runs  into 
glass.     It  has  been  examined  with  much  attention  by  Proust, 
who  found  it  to  consist  of  SO  parts  of  zinc  and  20  oxygen.  c«»p«^«*~' 
Gay-Lussact  and   Berzeliusj:   have  since  investigated   it,   and 
agree  in  considering  it  as  composed  of 

Zinc    ....    80,39    ....     100 
Oljgen    ...     19,61     ...    •      24,4 

100,  124,4. 

The  equivalent  number  deducible  for  zinc  from  the  composi-  Kqaivaient 
tion  of  the  oxide,  is  33,  but  Dr  Thomson  has  been  led  to  con-  """»^'- 
elude  that  42  represents  its  atomic  weight,  and  42 — 8  =  34  that 
of  the  metal.  This  number  is  a  mean  between  the  numbers 
deducible  from  the  experiments  of  Berzelrus  and  Brande.  .We 
may  consider  oxide  of  zinc  as  composed  of  1  atom  zinc  =  34 
-f  1  oxygen  8.     H.  2.  15.  " 

This  oxide  is  whit^,  tasteless,  and  soluble  in  the  alkalies. 
As  prepared  by  combustion- it  contains  small  particles  of  the 
met^l,  which  always  render  it  gritty  ;  hence,  for  pharmaceutical 
use,  it  is  best  prepared  by  precipitating  solution  of  sulphate  of 
zinc  by  ammonia,  and  washing  and  drying  the  precipitate.  It 
is  sometimes  used  as  a  pigment,  both  with  oil  and  water  ;  and 
is  employed  in  medicine  as  a  tonic,  and  as  an  external  applica- 
tion. 

1283.  Zinc  decomposes  water  very  slowly  at  common  tern-  Decompow* 
peratures,  requiring,  probably,  the  access  of  air ;   but  acts  with  "^~* ' 


water* 


*  It  is  by  DO  means  easy  to  obtain  pure  oxide  of  zino.  M.  Uernmann  hoa  proposed  the  foUowinf 
process :  Dissolve  oxide  of  zinc  or  metallic  sine  in  oxcoss  of  salphuric  acid,  filter  the  solution,  and 
pass  throoffa  it  solphurctted  hydrogoD  so  Ion;  as  a  brown  or  yellow  precipitate  is  formed,  cadmimii, 
lead,  or  coppor,  being  thus  separated,  and  the  sdluUon  filtered,  it  is  to  bo  treated  with  solution  of  the 
chloride  of  calcium,  by  which  any  iron  or  manganese  will  be  separated.  Th§  solution  again  filtered, 
is  to  be  crystallized  in  porcelain  vessels,  by  which  sulphate  of  lime  is  rejected,  and  a  muther  liquor 
separated  which'  usually  contains  cobalt  and  nickel.  The  crystals  of  sulphate  of  zinc  are  to  bo 
dissolved  in  as  small  a  quantity  of  cold  water  as  possible,  and  the  sulphate  of  lime  filtered  out ;  then, 
the  solution  being  rendered  more  dilute,  is  to  be  decomposed  by  carbonate  of  soda  in  slight  excess, 
and  the  precipitate  well  washed,  dried,  and  heated  to  redness  is  a  pure  white  oyido.^'BuU  Vmi- 
A.  viii.  903. 

t  ^nn,  i«  Chim.  80, 170.  >  %  81  Ditto. 
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Muriate  of  Zinc. 
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Chloride. 


Muriate. 


Action  of 
water. 


Of  ammonia. 


great  rapidity,  if  the  vapour  of  water  be  brought  into  contact 
with  it  when  i)i;nited.  In  whatever  way  it  is  oxidized,  we  ob- 
tain the  compound  already  described,  which  is  the  only  known 
oxide  of  zinc.     H.* 

1284.  Chloride  of  Zinc  is  formed  by  heating  leaf  zinc  in 
chlorine,  or  by  evaporating  muriate  of  zinc  to  dryness  and 
heating  the  residue  red-hot  in  a  glass  tube.  The  compound  is 
fusible  under  a  dull  red  heat,  and,  on  cooling,  goes  through 
several  degrees  of  consistency,  being  viscid  before  it  becomes 
solid.  It  is  very  deliquescent,  and  produces  ^muriate  of  zinc 
by  the  action  of  water.  It  appears  from  the  analysis  of  Dr 
Davy  to  consist  of  equal  weights  of  chlorine  and  zinc.  It  was 
formerly  called  butter  of  zinc. 

If  the  application  of  heat  be  stopped  at  the  right  point,  Dr 
Thomson  finds  that  a  muriate  of  zinc  may  be  obtained  perfectly 
free  from  water,  of  which  this  compound  and  muriate  of  ammo- 
nia are  the  only  examples.  It  consists  of  1  atom  oxide  of  zinc 
42,  and  1  atom  of  muriatic  acid  37,  and  its  atomic  weight  is  79.t 

The  attraction  of  zinc  for  chlorine  is  very  great,  and  this 
metal  may  therefore  often  be  employed  for  separating  chlorine 
from  other  combinations. 

1285.  Muriate  of  Zinc. — Muriatic  acid,  a  little  diluted,  acts 
on  zinc,  and  evolves  hydrogen  gas  of  great  purity.  The  solu* 
tion  is  clear,  but  cannot  be  brought  to  crystallize  by  evapora- 
tion. When  rapidly  evaporated,  the  muriatic  solution  yields  a 
thick  extract,  which  has  somewhat  of  the  viscidity  of  bird-lime. 
This,  if  still  more  heated,  becomes  chloride  of  zinc. 

1286.  Muriate  of  zinc  in  strong  solution,  deposits  oxide  on 
adding  water,  and  on  being  filtered  and  further  diluted,  more 
oxide  separates.  Weak  solutions,  when  concentrated  by  evap- 
oration, dissolve  the  oxide,  which  will  precipitate  again,  on 
dilution.  The  solution  is  always  slightly  acid,  and  ammonia, 
when  added,  does  not  render  it  neutral,  until  all  the  oxide  of 
zinc  is  precipitated.:^  §     H.  2.  18. 

1287.  Liquid  ammonia  readily  dissolves  oxide  of  zinc,  and 
even  acts  upon  the  metal.  The  concentrated  solution  of  the 
oxide  furnishes  feathery  crystals ;  it  is  decomposed  by  the  acids, 
and  the  immersion  of  a  plate  of  copper  causes  a  precipitation 


Nitnte* 


*  When  Pulverized  Zinc  ii  added  to  fused  nitrOf  or  projeetod  with  that  lalt  into  a  red-hot  oruciUe^ 
a  very  ▼iolentdetonaiion  taket  place ;  the  Ziac  it  o&idixed  and  part  of  the  oxide  eorabinei  with  the 
alkali  formiog  a  soluble  compound.    U. 

t  FiT»t  Prin.  ii.  S24. 

t  Quart.  Jtur.  vi.  159. 

$  lotUiu  and  Zt'nf  r^ily  combine,  and  produce  a  fueible  and  volatile  oompoiiad,  which,  whaft 
exposed  to  air,  deliquesces  into  kffdriodate  of  zinc. 

When  this  salt  is  mingled  with  perchloride  of  mercury,  a  precipitate  is  obtained  of  a  beautiful 
bright  red  colour.  When  iodate  of  potassa  is  added  to  solution  of  sulphate  of  sine,  it  forms  aft 
insoluble  iodaie  of  sine. 

Jfitrate  of  Ztnc.— Nitric  acid,  moderately  strong,  acts  on  sine- with  groat  violence.  The  solution^ 
by  evaporation,  crystallizes  in  four-sided  prisms,  and  affords  a  deKqvescent  salt,  copiously  soluble  ift 
water  and  alcohol,  and  consisting  of  1  atom  acid,  1  base  and  6  water. 
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of  a  part  of  the  zinc,  the  ammonia  acquiring  at  the  same  tifrie 
a  blue  colour.* 

1288.  Sulphuret  of  Zinc  exists  native  under,  the  name  of  suipimreu 
Blende,     It  may  be  formed  artificially  by  heating  oxide  of  zinc 
with  sulphur,  and  is  then  of  a  yellow  brown  colour.t 

Blende  is  a  brittle  soft  mineral,  of  different  shades  of  brown  NaUve. 
and  black,  its  primitive  form  is  the  rhombic  dodecaedron. 
It  usually  contains  traces  of  iron  and  lead.  It  is  an  abundant 
mineral,  and  important  as  a  source  of  the  pure  metal,  which  is 
obtained  by  roastiiig  the  ore,  and  afterwards  exposing  it  to 
heat  in  proper  distillatory  vessels,  mixed  with  charcoal.  The 
English  miners  call  it  blackjack.  It  has  been  analyzed  by  Dr 
Thomson  and  found  to  consist  of  zinc  67,19  +  sulphur  32,81 
=  1004 

1^89  Sulphate  of  Zinc, — Zinc  readily  dissolves  in  diluted  suiphatt. 
sulphuric  acid,  with  the  exception  of  a  small  quantity  of  black 
powder,  which  Vo<i;el  found  to  be  composed  of  charcoal,  iron, 
and  sulphate  of  lead.  The  acid  during  its  action  on  this  metal 
evolves  hydrogen  gas;  (371)  and  the  gas,  when  obtained,  be- 
sides other  impurities,  holds  in  combination  a  portion  of  the 
metal. § 

1290.  When  the  solution  of  zinc  in  sulphuric  acid  is  evapo- 
rated, it  shoots  into  crystals  which  are  right  rhombic  prisms.|| 
This  salt  is  soluble  in  2^5  parts  of  water  at  60,  and  its  solution 
is  not  precipitated  by  any  other  metal. 

If  the  solution  be  too  much  concentrated  by  evaporation,  it 
deposits,  while  still  hot,  an  opake  crust  on  the  battoni  of  the 
vessel,  which  is  less  soluble  than  the  crystals,  and  is  in  fact  the 
same  as  the  white  vitriol  oi  the  Germaos.lT  Both  salts  agree  in 
taste,  and  redden  vegetable  blues.  The  crystals  formed  from  a 
cold  solution  consist  of 

Sulphuric  acid     27,58'    or    1    atom    =    40  Compotition. 

Oxide  of  Zinc     28,96     ^'1        •^      =    42 
Water    ...    43,46     "     7    atoms  =.  63 

100     Weight  of  its  atom  145 

• 

*  De  Laaione,  Atat.  de  Ckim.  xxxv,  53. 

t  Mr  E.  Davy,  by  paiMiog  the  vapour  ufiuJphur  over  molldd  zinc,  obtained  a  white  cryitalline  lub- 
Btance,  resombling  the  natural  compound  of  zinc  and  anlphnr,  which  u  called  pkoapkorescnt  bUnde* 

t  HfponUpkite  of  Zant  is  formed  by  digesting  metallic  sine  in  sulphurous  acid,  sulphuretted  Hvposul- 
hjdrogop  ia  disengaged,  and  by  gentle  evaporation  crystals  are  obtainedf  which  are  to  be  digested  in  phite. 
alcohol;  this  liquid  dissolves  the  hyposulphite,  and  affords  it  in  prismatic  crystals.    A  mixture  of        | 
oxide  of  zinc  and  sulphur  treated  by  sulphurous  acid  affords  the  same  salt ;  it  is  efflorescent,  and 
easily  deeomposod  by  beat. — Fourcroy,  Syttime  des  eonnaiMsaiuea  Cikymtfice*,  v.  380. 

StUpiUU  ef  SUne  is  easily  formed  by  dissolving  the  oiide  in  sulphurous  acid ;  it  is  more  easily 
cryatailizable  than  tlie  hyposulphite  and  is  insoluble  in  akobol. 

^  Hydrogen  gas,  holding  zinc  in  solution,  may  be  obtained  by  a  process  of  Vauquelin.  A  mixture 
of  the  ore  of  zinc,  (blende,  a#calaRKneX  with  charcoal,  is  to  be  put  into  a  porcelain  tube,  which  is  to 
be  i^aced  horizontally  in  a  furnace,  and,  when  red-hot,  the  vapour  of  water  is  to  be  driven  over  it. 
The  gas  produced  is  a  mixture  of  carbonic  acid,  carburetted  hydrogen,  and  a  solution  of  zinc  in  hydro- 
gen gas,  which  has  been  called  kydroxineic  ga».  The  zinc  is  deposited  on  the  surface  of  the  water, 
over  which  this  gas  if  kept ;  but  if  burned  when  reoently  prepared,  the  gas  exhibits,  in  consequence 
•f  this  impregnation,  a  distinctly  blue  flame.  ^ 

H  Brooke,  in  Ann,  Philas,  H  Thornton,  1>  99,  and  ii.  3S3. 
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The  deposit  from  a  hot  solution  (white  vitriol)  consists  of 

Su1|)liuric  arJd  36,7  or  1  atom  =:  40 
Oxidfr  of  Zinc  38,64  "1  "  r=  4« 
Water    .     .     .     24,76     "     3    atoms  =    27 


100      Weight  of  its  atom    109    H.  ^.  17. 

Sulphate  of  zinc  is  prepared  for  the  purposes  of  the  arts  from 
the  native  sulphuret,  and  is  usually  in  the  form  of  a  white 
amorphous  mass,  called  t^AtVe  vitriol. 

Native  Sulphate  of  Zinc  is  found  in  places  where  the  sul- 
phuret of  zinc  occurs  ;  it  is  probably  the  result  of  the -decom- 
position of  that  ore.* 

1291.  Carbonate  of  Zinc  occurs  native,  forming  one  of  the 
varieties  of  the  mineral  called  calamine.  It  may  be  formed  by 
adding  carbonate  of  potassa  to  sulphate  of  zinc.  It  is  white  and 
tasteless.  It  is  often  found  investing;  carbonate  ofiime,  which 
has  sometimes  been  decomposed,  and  the  calamine  remains  in 
pseudo-crystals. 

1292.  The  zinc  of  commerce  is  procured  from  the  native 
sulphuret  and  from  calamine  by  the  following  process. 

The  ore  is  first  picked  and  broken  into  small  pieces,  and 
then  submitted  to  a  dull  red  heat  in  a  reverberatory  furnace,  by 
which  carbonic  acid  is  driven  off  from  the  calamine,  and  sulphur 
from  the  blende.  It  is  then  washed,  ground,  and  thoroughly 
mixed  with  about  one  eighth  its  weight  of  powdered  charcoal. 
This  mixture  is  put  into  large  earthen  pots,  not  unlike  oil  jars, 
six  of  which  are  usually  placed  in  a  circular  furnace ;  each  ppt 
has  an  iron  tube  passing  from  its  lower  part,  through  the  floor 
of  the  furnace,  and  dipping  into  water,  they  are  every  where 
else  firmly  luled:  upon  the  application  of  a  red  heat,  the  metal 
distills  through  the  tube  into  the  water  beneath,  whence  it  is 
collected,  melted,  and  cast  into  cakes. 

1293.  Ferrocyanate  of  potassa  produces  a  yellowish  white 
precipitate  in  solutions  of  zinc.  The  salts  of  zinc  are  mostly 
soluble  in  water,  and  the  solutions  are  colourless  and  transpa- 
rent :  they  are  not  precipitated  by  hydriodic  acid.  Potassa, 
soda,  and  ammonia,  for/n  white  precipitates,  soluble  in  excess 
of  the  alkali,  and  sulphuric  acid.  Hydrosulphuret  of  ammo- 
nia, produces  a  yellowish  white  precipitate.  The  soluble  phos- 
phates, carbonates,  and  ))orates,  produce  white  precipitates. 

1294.  Jilloys  of  Zinc, — With  potassium  and  sodium  zinc 
forms  brittle  alloys,  decomposable  Iw  exposure  to  air  and  water. 
With  iron  it  forms  a  white,  and  somewhat  malleable  alloy, 
which  is  difficult  to  form ;  but  if  plates  of  hot  iron.. be  dipped 
into  melted  zinc,  they  acquire  the  appearance  of  tin-plate. 


*  Photphuret  of  Zinc  it  of  a  wbilifib  cuJour,  and  a  iivctailic  luMtienol  unlike  lead.  Ithaa  Mine 
malleability,  cxhalea  a  plioiphoric  sine:],  and  at  a  hi^h  totnperatuie,  buriw  like  common  zinc.    H. 

PhotpUaU  of  Zinc  is  not  crystaliixublf*.  It  may  be  obiaini'd  by  (lifisulviiig  zinc  jn  phoephoric  acid, 
and  evaporation  to  dryness.  A  pbosphato  of  zinc  is  also  ^irvcipilatMl  u|K}n  tjie  addiUen  ofphosfihats 
<#r  Boda  to  sulplmte  nf  zinc.  Tlietu.iMH  have  nut  been  j  r^ciiioiy  exauitncdt  but  it  ia  probable  there 
i«  a  piioflpliattf  an^  a  bi-j»lMMpbate  oriinr'. 
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It  has  been  proposed  to'  spply  zinc  to  the  purpose  of  culi* 
nary  vessels,  pipes  for  conveying  water,  sheathing  for  ships, 
&c. ;  but  it  is  rendered  uafit  for  the  first  object,  by  the  facility 
with  which  the  weakest  acids  act  upon  it,  and  for  the  remain- 
ing ones,  by  its  considerable  though  slow  oxidation,  when  ex-^ 
posed  to  the  operation  of  air  and  moisture.     H.  d.  21. 


Section  XIII.     Tin. 

1295.  The  properties  of  tin  must  be  examined  in  the  state  of 
grain-tin  or  block  tin ;  what  is  commonly  known  by  the  name 
of  tin,  being  nothing  more  than  iron  plates  with  a  thin  covering 
of  this  metal.  Several  varieties  of  tin  are  met  with  in  com- 
merce, for  the  discrimination  of  which,  and  the  means  of  judg- 
ing of  their  purity,  Vauquelin  has  given  useful  instructions  in 
the  77th  volume  of  the  Annales  de  Chimie,  and  an  interesting 
account  of  the  ores  of  tin,  and  of  the  processes  for  extracting 
the  metal  in  Cornwall,  has  been  given  by  Mr  Taylor  in  the  5th 
volume  of  the  Transactions  of  the  Geological  Society  of  Lon- 
don.   H.  2.  39. 

1296,  This  metal  has  been  known  from  the  remotest  ages.  It 
was  in  common  use  in  the  time  of  Moses,  and  was  obtained  at  a 
very  early  period  from  Spain  and  Britain  by  the  Phoenicians.* 

The  native  oxide,  found  in  Cornwall  and  some  other  counties,  ^^^^^^ 
is  the  principal  ore  of  tin  ;t  the  metal  is  obtained  by  heating  it  ^^ 
to  redness  with  charcoal.    To  obtain  pure  tin  the  metal  should 
be  boiled  in  nitric  acid,  and  the  oxide  which  falls  down  reduced 
by  heat  in  contact  with  charcoal  in  a  covered  crucible.  U.     The  ^ 

process  is  described  at  length  in  Aikim's  Dictionary y  {Jlrt. 
Tin.) 

Tin  has  a  silvery  white  colour,  is  considerably  harder  than  Prop«rtiM. 
lead,  scarcely  at  all  sonorous,  very  malleable,  though  not  very 
tenacious.  Under  the  hammer  it  is  extended  into  leaves,  called 
Hnrfoilf  which  are  about  TvSvth  of  an  inch  thick4  Its  specific 
gravity  is  7,30.  It  melts  at  442°,  and  by  exposure  to  heat  and 
air  18  gradually  converted  into  a  grey  peroxide.  Placed  upon 
ignited  charcoal  under  a  current  of  oxygen  gas,  it  burns  very 
brilliantly. 

1297*  A  preparation  under  the  name  of  powdered  tin  is  powdend 
sometimes  directed  to  be  prepared  for  pharmaceutical  use,  by  ^*  , 

*  PUay,  lib.  U.  cap.  34,  and  axxir;fMp.  47. 

t  Ib  mnm  af  the  vallaift  of  Cornwall,  tin  ii  fimad  io  roaadod  nodolM,  of  Tarioiu  sisM,  ayized  wHh 
ftbUoa  and  rovtadad  fnnnmnti  of  rockM  To  ■qwrato  tha  tin  ftom  tlio  attnvial  matter,  cunreats  of 
wlAr  aia  ginfiit  ovar  it,  aad.  liance  thate  depofita  have  boon  callad  aiream  wtrkst  and  tho  tin  oret 
9tr$mm  tin,  A  mocfification  of  •tr«am  fin  ii  oalkd  mood  tin.  It  aanaUy  appaan  in  naall  bandad 
fifaSnonti  of  flobnlar  ma|Na. 

t  Tha  proowM  of  making  tiB-foU.eomiati  rimplj  hi  hammering  out  a  number  «f  plates  of  the  meta), 
laldtogoteopMannootliblMkoipUttof  iioat  ThenoaOaBtibaftiaraUtathiiuitit.   U. 
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ihaking  the  melted  metal  ia  a  wooden  box  rubbed  with  chalk 
on  the  inside  :  tin  filings  hay^  also  a  place  in  some  PAarma" 
copmisBf  and  have  been  used  as  a  vermifuge.  These  prepara- 
tions are,  however,  both  dangerous,  the  metal  being  rendered 
poisonous  in  the  former  case  by  slight  oxidation^*  and  often 
creating  very  dangerous  irritation  when  given  in  filings. 

Ftotoxiiie.,  1298.  Protoxide  of  Tin  is  obtained  by  precipitating  proto- 
muriate  of  tin  by  ammonia;  it  falls  in  the  state  of  hydrate;  when 
dried,  it  is  of  a  grey  colour,  and  undecomposable  by  heat.  It 
dissolves  in  the  alkalies;  exposed  to  heat  and  air  it  passes  into 
the  state  of  peroxide,  undergoing  a  faint  combustion.  Its 
ammoniacal  solution,  when  long  kept,  deposits  metallic  tin 
in  arborescent  crystals,  and  becomes  a  solution  of  the  perox- 
ide. 

raroiid*.  1299.  Peroxide  of  Tin  is  formed  by  treating  the  metal  with 

nitric  acid  :  there  is  a  violent  action  attended  by  the  formation 
of  nitrate  of  ammonia.  (533).  Scarcely  any  of  the  metal  is  dis- 
solved, but  remains  as  a  yellowish  powder,  which  may  be  puri- 
fied by  washing.  It  is  also  formed  by  heating  tin  filings  with 
red  oxide  of  mercury ;  and  by  projecting  a  sufficient  quantity  of 
nitre  upon  red-hot  tin.  This  oxide  dissolves  in  the  alkalies. 
Fused  with  glass  it  forms  White  Enamel.  Heated  intensely, 
it  becomes  insoluble  in  acids,  and  undergoes  fusion. 

1300.  From  data  furnished  by  the  experiments  of  Berzelius, 
Gay-Lussac  and  Thenard,  these  oxides  are  inferred  to  be  thus 
constituted  :— 
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The  substance  called  7Vn  Putty ^  is  an  oxide  of  tin  formed  by 
levigating  the  crusts  of  oxide  that  form  upon  the  metal  when 
kept  for  some  time  in  fusion. 

ISOl.  Tin  unites  in  two  proportions  with  chlorine.  The 
Proto-chloride,  consisting  of  1  atom  of  tin  and  1  atom  of 
chlorine,  ma^  be  made  eiiher  by  evaporating  the  muriate  of  the 
protoxide  to  dryness  and  fusing  the  residue  in  a  close  vessel,  or 
by  heating  an  amalgam  of  tin  with  calomel.t  It  is  a  grey  solid 
substance,  of  a  resinous  lustre,  which  fuses  at  a  heat  below 
redness,  and  when  heated  in  chlorine  gas  is  converted  into  the 
bichloride. 

1302.  Bichloride  of  Tin^  composed  of  1  atom  tin  and  2 
atoms  of  chlorine,  may  be  prepared  either  by  heating  metallic 
tin  or  the  proto-chloride,  in  an  atmosphere  of  chlorine,  or  by 
distilling  a  mixture  of  8  parts  of  tin  in4)0wder  with  24  of  cor* 
rosive  sublimate.  It  is  a  colourless,  volatile  liquid,  which  emits 
copious  white  'fumes  when  exposed  to  the  atmosphere.  It  has 
a  very  strong  attraction  for  water,  and  is  converted  by  Aat 


•  Orfila,  TraiU  d^  PoitnUt  T.  i.  Sme  pvtl^i  p.  IQ. 


tDrDavy. 
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fluid  into  the  permuriate.  It  was  formerly  called  the  fuming 
liquor  of  Libavius, 

1S03,  The  Proio-muriate  of  Tin,  may  be  obtained  by  boil-  Proto-mori- 
ing  one  part  of  tin  with  two  of  muriatic  acid>  in  a  tubulated  ^^' 
retort.  The  solution  has  always  an  excess  of  acid,  is  perfectly 
limpid  and  colourless ;  and  contains  the  metal  at  the  minimum 
of  oxidation.  It  has  a  tendency,  however,  to  acquire  a  farther 
proportion  of  oxygen,  and  should,  therefore,  be  carefully  pre- 
served from  contact  with  the  air.  This  property  of  absorbing 
oxygen  is  so  remarkable,  that  it  may  even  be  applied  to  eudi- 
ometrical  purposes.  Proto-muriate  of  tin  has,  also,  the  property 
of  reducing  to  a  minimum  of  oxidation,  those  compounds  of  iron, 
in  which  the  metal  is  fully  oxidized,  for  example,  it  reduces 
the  red  sulphate  to  the  green.  It  is  a  test  also  of  gold  and  pla- 
tinum, and  blackens  the  solution  of  corrosive  sublimate.  With 
hydro-sulphurets  it  giVe^  a  black  precipitate.     H. 

With  solution  of  gold  it  produces  a  purple  precipitate  used 
in  painting  porcelain,  and  known  under  the  name  of  Purple  cf  ^^^i^^^ 
Caasius.  It  crystallizes  from  its  concentrated  solution  in  small  canius. 
deliquescent  needles.  With  infusion  of  cochineal  it  produces 
a  purple  precipitate.  This  muriate  of  tin  is  the  Sal  Jovia  of 
old  writers,  Jupiter  being  the  name  by  which  the  alchemists 
distinguished  this  metal. 

1304.  Recent  muriate  of  tin  is  a  very  delicate  test  of  mercury,  a  tMtof 
M.  Chenevix  says,  if  a  single  drop  of  a  saturated  solution  of  ^^'^' 
neutralized  nitrate,  or  muriate  of  mercury,  be  put  into  500  grs. 

of  water,  a  few  drops  of  aplution  of  muriate  of  tin  will  render  it 
a  little  turbid,  and  of  a  smoke-grey ;  and  the  effect  is  perceptible 
with  ten  times  as  much  water.     U.  749. 

1305.  The  pro-tomuriate  of  tin  appears  to  be  composed  of  1  compoBUipn. 
atom  protoxide  -|- 1  atom  muriatic  acid.     H.  2.  44.* 

1306.  When  potassa  is  added  to  muriate  of  tin,  a  aubmuriaU 
of  the  protoxide  is  thrown  down,  consisting,  according  to  Dr 
Davy  of  134  protoxide  +  37  acid,  or  of  1  atom  muriatic  acid,  2 
atoms  protoxide  and  2  atoms  water.' 

1307.  The  Permuriale  of  tin  forms  acicular  crystals  in  the 
upper  parts  of  the  phials  containing  the  bi-chloride  imperfectly 
secured  from  air.  The  addition  of  the  pure  alkalies  to  this 
salt  of  tin,  occasions  a  precipitate  which  has  not  been  accu- 
rately examined,  but  is  said  to  be  a  aubjpermuriale.  ,The 
peroxide  of  tin  is  more  readily  soluble  in  alkalies  than  the 
protoxide  ;  it  has  been  hence  termed  Stannic  acidA 

1308.  Niiro-muriate  of   Tin* — The    nitro-muriatic  acid  Nitro^mu* 
(formed  fay  mixing  two  or  three  parts  of  muriatic  acid  and  one  '^^* 
of  nitric,)  dissolves  tin  abundantly,  with  violent  effervescence. 


*  t>n  Um  pfepanlion  of  mnriata  of  Uo,  aee  Borordf  Jhm»  4#  Ckim-  Izviil.  78 ;  or  Nichoboa't  Jinir. 
xzTi,  and  Cbandet,  Aiu^  de  CM«i.  ff  Pk9»*  iii.  37S. 

t  I0did4  of  Tin  isay  be  foimed  direeUy  hj  beaCinf  tin  metal  with  iodine ;  or  tndiiectly  hy  adding 
hydriodic  acid  to  a  aoltttion  9t  noclata  of  tia.  It  is  aa  oraofe-coloured  coDpovnd,  and  bai  not  beaa 
aoalyiad. 
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and  with  so  much  heat^  that  it  is  necessary  to  add  the  metal 
slowly  by  successive  portions.  The  solution  is  apt  to  congeal 
into  a  tremulous  gelatinous  mass ;  and  if  water  be  added,  it  is 
partly  decomposed,  and  some  oxide  separated.  The  solution, 
used  by  the  dyers,  is  prepared  with  that  dilute  nitric  acid  called 
single  aqua-fortis,  to  each  pound  of  which  are  added  from  one 
to  two  ounces  of  the  muriate  of  soda  or  ammonia.  This  com* 
pound  acid  is  capable  of  taking  up  about  an  eighth  its  weight  of 
tin.     H.  2.  44. 

The  solution  is  employed  to  heighten  the  colours  of  cochineal, 
gum-lac  and  some  other  red  tinctures,  from  crimson  to  V  bright 
scarlet  in  the  dyeing  of  woollens. 

1309.  Nitrate  of  Tin — When  nitric  acid,  highly  concen- 
trated, is  poured  upon  tin  filings,  very  littje  effect  is  produced  ; 
but  when  a  small  quantity  of  water  is  added,  a  violent  efferves- 
cence follows;  and  the  metal -is  reduced  to  a  bulky  powder, 
which  is  the  white  oxide  retaining  a  little  ^cid.  If  more  water 
be,  added,  an  acid  liquor  is  obtained,  holding  very  little  tin  in 
solution,  and  containing  nitrate  of  ammonia,  the  alkaline  base 
of  which  is  formed  by  the  simultaneous  decomposition  of  the 
water  and  nitric  acid,  and  the  union  of  the  hydrogen  of  the  for- 
mer with  the  nitrogen  of  the  latter.  (533)  H.  Tin,  however,  is 
slowly  dissolved,  without  effervescence,  in  nitric  acid  greatly 
diluted ;  the  solution  is  yellow  and  will  not  crystallize ;  exposed 
to  air  it  absorbs  oxygen  and  peroxide  bf  tin  precipitates. 

1310.  Tin  and  Slulphur.'-^TiD.  unites  with  sulphur,  but 
requires,  for  its  combination,  so  high  a  temperature,  that  at 
the  moment  of  union  there  is  too  small  a  quantity  of  sulphur 
present,  to  saturate  the  tin,  and  a  mechanical  mixture  results, 
of  tin  and  sulphuret  of  tin.  The  only  method  of  obtaining  the 
saturated  sulphuret  is  to  melt  the  aurum  mfssivumf  which  will 
presently  be  described,  in  dose  vessels.  The  protosulphuM 
is  of  a  bluish  colour  and  lamellated  structure. 

It  is  composed,  according  to  Dr  John  Davy  and  Berzelius,  of 
1  proportional  metal  -j- 1  sulphur. 

1311.  The  second  sulphuret,  or  bisulphuret  o{  tin  (aurum 
musivum,)  is  formed  by  heating  sulphur  with' peroxide  of  tin, 
or,  by  heating  in  a  matrass  a  powdered  amalgam  of  12  parts  of 
tin  and  6  of  mercury,  mixed  with  7  parts  of  flowers  of  sulphur 
and  6  of  muriate  of  ammonia.  A  gentle  heat  is  to  be  applied  till 
the  white  fumes  cease  to  appear,  when  the  heat  is  to  be  raised 
to  redness,  and  kept  so  for  some  time.  On  coolins,  the  aurutn 
musivum  (or  Mosaic  Oold)  may  be  obtained  by  hreaking  the 
matrass.  '  It  is  of  a  beautiful  gold  colour,  and  flaky  in  its  struc- 
ture. Proust  was  of  opinion  that  it  is  a  sulphuretted  oxide ; 
but  Dr  Davy  and  Berzelius  have  shown  that  the  tin  is  in  a 
metallic  state.  It  consists  of  1  atom  tin  -f  2  atoms  of  sulphur. 
H.  2.  45. 

131)9.  Aurum  musivum  has  no  taste,  is  not  soluble  in  water, 
acids  or  alkaline  solutions.    But  in  the  dry  way  it  forms  a  yeU 
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low  sulphnreti  soluble  in  water.    It  is  used  as  a  pigment  for  Propertiet. 
giving  a  golden  colour  to  small  statue  or  plaster  figures.     It  is 
likewise  said  to  be  mixed  with  melted  glass  to  imitate  lapis 
lazuli.     U.  208. 

1318.  Sulphate  of  rin.—- When  tin  is  boiled  in  sulphuric 
acid^  a  solution  is  obtained  which  deposits  white  acicular  crys- 
tals. A  protosulphate  of  tin  is  also  precipitated  by  pouring  soipiuuei 
sulphuric  acid  into  protomuriate  of  tin.  If  the  sulphate  be  long 
boiled,  a  copious  white  precipitate  subsides,  which  will  not 
again  dissolve*  It  is'  composed  of  the  white  oxide  retaining 
only  a  small  portion  of  acid,  and  constituting  in  fact  a  sub- 
sulphate.     H.* 

1314.  The  salts  of  tin  are  mostly  soluble  in  water.  They 
are  precipitated  of  an  orange  colour  by  hydriodic  acid,  ai^d  by 
hydrosulphuret  of  ammonia,  provided  no  excess  of^cid  be  pros-  charaetarif. 
ent.  Solution  of  muriate  of  gold,  and  of  corrosive  sublimate  ^ts^J^!^ 
produce  purple  and  black  precipitates  in  the  salts  of  tin  contain- 
ing the  protoxide,  but  none  in  those  containing  the  peroxide. 
Ferrocyanate  of  potassa  produces  a  white  piecipitate  in  solution 

of  muriate  of  tin.  A  plate  of  lead  frequently  throws  down  me- 
tallic tin,  or  its  oxide,  from  the  saline  solutions. 

1315.  Tin  forms  useful  alloys  with  many  of  the  metals. 
Pewter  is  one  of  these;  and  the  best  kind  of  it  is  entirely  free 
from  lead,  being  composed  chiefly  of  tin  with  small  proportions  ludyii 
of  antimony,  copper  and  bismuth.t     An  amalgam  formed  by 
gradually  adding  three  parts  of  mercury  to  twelve  of  tin  melted 

in  an  iron  ladle,  and  stirring  the .  mixture,  is  much  used  in  sil- 
vering looking  glasses.  H.  With  potassium  and  sodium,  tin 
forms  brittle  white  alloys.  Its  alloy  with  manganese  is  not 
known.  It  does  not  readily  combine  with  iron,  but  tin-plate 
maybe  considered  as  an  imperfect  alloy  of  those  metals.  With 
^inc  it  forms  a  hard  brittle  alloy.:]: 


Sbctiov  XIV.     Cadmium^  ^ 

1316.  Cadmiam  was  discovered  in  the  autumn  of  1S17,  by  Dueovery. 
Stromeyer,  in  an  oxide  of  *  zinc,  which  had  been  prepared  for 

*  HydnmdfhfrttUd  Oxid^vf  TVii  is  yellow  brown,  and  formed  by  pooring  aolntion  of  aniphurettad 
l^drofaa  Into  dilata  muriata  of  tin.  PAojfpAarat  of  Tw  niay  bo  formed  by  dropping  phoapboroa  into 
maltid  tin.  It  la  of  a  rilvery  coloar,  aaotila,  and  Ibmewhat  dnctila*  When  ita  filinga  are  aprinkled 
open  hot  ooab  tba  jAoaidionia  bona.  Pftaapiksia  of  7^  haa  not  been  examined.  PkospkmU  of  TVn 
ia  formed  by  adding  pboqthate  of  aoda  to  the  aolationa  of  tin.  It  ia  a  white  powder,  not  aohiHIe  ia 
water,  and  Auea  at  a  red  heat  into  an  opaque  yhite  enamel.  GarftMMie  of  7Vi»->When  carbonate 
of  potaaaa  ia  added  to  protonurlate  of  tin,  a  white  predpitate-ensnea,  which,  when  waafaed  and  dried 
eflbnreaeea  eopionaly  with  the  acida.    BoraU  of  Tin  ia  an  iniohible  white  powder. 

t  On  the  alloya  of  tin,  a  memoir  of  M>  l>naaauaoy  may  be  conaohed  in  tlie  5th  vol.  of  ^lui*  dt  < 
tft  Ffeyt. ;  and  HvOhaodet'a  pi^ierin  ilie  aame.  and  in  the  7th  volume.  - 

t  For  ft  BMthod  of  broaziof  tin  a^e  QiMTt. /mr.  N.  S.  8. 4B3.  * 


350  Oadmium.  chap.  it. 

medicinal  use  from  afi  ore  of  zinc  brought  from  Silesia**  He 
ascertained^  its  principal  properties  and  combinations  ;  and  has 
since  extracted  it  from  rarious  other  ores  of  zinc.t  Dr  Clarke 
has  shown  that  it  exists  in  the  ores  of  zinc  from  Derbyshire  and 
Mendip,  and  in  the  zinc  of  commerce ;:{:  and  Mr  Herapath,  of 
Bristol^  has  pointed  out  an  abundant  source  of  it  in  the. subli- 
mate, which,  in  the  process  for  obtaining  zinc  by  distillation, 
rises  before  the  zinc,  in  what  the  workmen  call  the  brown 
blaze.  Of  this  sublimate,  which  is  attached  to  the  roof  of  the 
vault,  it  forms  from  12  to  20  per  cent.§ 

Method  of         1317.  The  presence  of  cadmium,  in  an  ore  of  zinc  suspected 

^^^  to  contain  it,  may  be  discriminated  by  directing  the  blue  flame 
of  a  candle  upon  a  small  fragment  placed  on  a  slip^of  platinum 
foil.  If  any  cadmium  be  present,  its  oxide  will  be  reduced, 
volatilized,  and  carried  along  the  slip  of  platinum,  coating  it 
with  its  peculiar  reddish-brown  oxide.  Dr  Wollaston^  to  detect 
cadmium,  dissolves  the  ore  of  zinc  in  muriatic  acid,  gets  rid  by 
heat  of  the  excess  of  acid,  and  adds  distilled  water.  All  the 
metals  that  iron  wilj  precipitate  he  removes  by  a  rod  of  iron, 
and  filters  the  liquor  into  a  platinum  capsule  containing  a  piece 
of  zinc.  The  cadmium,  if  any  be  present,  will  coat  over  the 
surface  of  the  capsule  with  a  precipitate  of  a  dull  leaden  hue, 
and  will  adhere  so  firmly  that  it  may  be  washed,  and  thus  freed 
from  any  remaining  solution  of  zinc.  Muriatic  acid  will  dis- 
solve the  lead-coloured  precipitate  with  effervescence,  and 
either  carbonated  or  caustic  potassa  will  yield  a  white  precipi- 
tate ;  which  may  be  tested  before  the  blow-pipe  in  the  manner 
already  described. 

OfMparatiog  1318.  To  Separate  cadmium  from  the  ores  of  zinc,  Stromeyer 
dissolves  the  ore  in  sulphuric  acid  ;  and  through  the  solution, 
which  ought  to  contain  an  excess  of  acids,  sends  a  current  of 
sulphuretted  hydrogen  gas.  The  precipitate  is  well  washed, 
dissolved  in  concentrated  muriatic  acid,  and  the  excess  of  acid 
expelled  by  evaporation.  The  residue  is  dissolved  in  water, 
and  precipitated  by  carbonate  of  ammonia,  an  excess  of  which 
must  be  added  to  re-dissolve  any  zinc  or  copper  that  may  have 
been  thrown  down  by  the  sulphuretted  hydrogen  gas.  Carbo- 
nate of  cadmium  alone  remains,  which,  after  being  heated  to 
drive  off  the  carbonic  acid,  is  reduced  by  mixing  it  with  lamp- 
black, and  exposing  it  to  a  moderate  red  heat  in  a  glass  or 
earthen  retort. 

ph>iH»tica.  1319.  Cadmium  resembles  tin  very  nearly  in  colour,  lustre, 
and  in  the  sound  it  emits  when  bent.  It  is  somewhat  harder 
than  tin,  and  surpasses  it  in  tezmcity.  It  is  vei:y  ductile,  and 
may  be  reduced  to  fine  wire,  or  thin  plate;  yet  when  long 
beaten,  it  scales  off*  in  different  places.  Its  specific  gravity  is 
8,604  before  hammering,  and  8,694  afterwards;  or,  according 

*  lodino'hafl  lately  been  foand  io  tkii  ore— JBtfta.  Jcvr,  J«o.  1898.  f  •^M*  PM99*  »t.  999* 

twSiui.  PAaM.xv.S7S,aodN.&uJ.lS3,  ^Iiiid.435. 
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to  Mr  Children,*  8,67  before,  and  9,05  after  being  haQimered. 
It  melts  at  a  heat  below  redness,  iKid  is  Tolatilized  by  a  heat 
not  much  gi^ater  than  that. required  to  vaporise  mercury.  Its 
vapour  has  no  odour.  It  condenses  in  drops  as  readily  as  mer- 
cury, and  these,  on  congealing,  present  distinct  triices  of  crys- 
tallization. 

1320.  Cadmium  is  as  little  altered  by  exposure  to  the  air  as  okuIci 
tin.  When  heated  in  th»  open  air,  it  burns  as  readily  as  the 
latter  metal,  and  is  converted  into  a  brownish-yellow  oxide. 
This  oxide,  which  is  its  only  one,  consists  of  100  metal  -f- 14,353 
oxygen  ;t  which  gives  5S  for  the  equivalent  number  of  the 
metal,  and  64  for  that  of  the  oxide.  This  oxide  is  soluble  in 
ammonia,  but  not  in  carbonate  of  ammonia,  or  in  potassa,  or  its 
carbonate,  which  even  precipitate  it  from  its  solution  in  ammo- 
nia. By  availing  himself  of  this  property,  Mr  Children  sepa- 
rated it  from  oxide  of  zinc,  which  is  not  thrown  down  by 

the  fixed  alkali,  and  thus  verified  its  presence  in  compounds 
eontaininr  much  zinc  and  little  cadmium. 

1321.  With  the  acids,  oxide  of  cadmium  unites  and  forms  Aetioa  of 
salts,  which  agree  in  the  following  characters,  fixed  alkalies  S^'^^^' 
throw  down  a  white  hydrated  oxide,  as  does  ammonia,  with 

this  diflerence,  thai  the  -latter,  added  in  excess,  re-dissolves  the 
precipitate.  Prussiate  of  potassa  causes  a  white  sediment,  as 
does  oxalate  of  ammonia.  Sulphuretted  hydrogen,  and  the 
hydro-sulphurets,  throw  down  cadmium  of  a  yellow  or  orange 
colour,  like  orpiment.  No  change  is  produced  by  chromate  of 
potassa,  succinate  or  benzoate  of  ammonia^  infusion  of  galls,  or 
sulphate  of  soda. 

1322.  Chloride  of  Cadmium  crystallizes  in  small  rectangu-  chioriii^ 
lar  prisms,  perfectly  transparent,  which  efSoresce  when  heat- 
ed, and  are  very  soluble.    At  a  high  temperature,  it  sublimes 

in  small  micaceous  plates :  100  parts  of  the  fused  chloride  con- 
sists of  38,61  chlorine  +  61,39  metal.  This  gives  57  for  the 
equivalent  of  cadmium,  difiering  y^v^  little  from  the  number 
deduced  from  the  oxide.^ 

1323.  Cadmium  unites  with  sulphur,  as  with  oxygen,  in  only  union  with 
one  proportion,  which  is  that  of  100  metal  to  28,172  sulphur.  ^^'»' 
The  sulphuret  has  a  yellow  colour  with  a  shade  of  orange. 
Concentrated  muriatic  acid  ac}s  readily  upon  it,  and  evolves 
sulphuretted  hydrogen  gas.    The  sulphuret  may  be  formed  by 

■  ■    ■>■     ■         I    HI     ■■  H  ■   ■  II— ^l«^       ,  III  I  I     ■         >^i^*i— ■■     —I    ^W    I 

*  QimH.  Jtmr,  Ti.  AH.  t  Stromeyer. 

t  lodidM  of  Cadmimm  funam  larn*  and  bgautlfnl  htzaJSdral  tablM,  of  •  mettllie  or  pearl j  lustre.  Iodide. 
At  U(h  tampereturee,  the  iodine  eeeepee.    It  eooeiati  of  100  metal  -^  S97»43  iodine. 

MttraU  ^f  Cerfeii'nw  eryitaUiaee  in  prienu  or  needlee,  which  are  doliquaaccnt.    fta  conetituenta  are  Nitrate. 
100  aeid  -^  117,58  oside.    The  tidphaU  eryttallizei  in  large  reetanfolar  priama  roaoroblinf  tttlphaie  Sulphate. 
«f  »ne,  whieh  are  irery  lolable  in  water.    They  eflfereaee  in  the  air,  and  at  a  gentle  beat  loao  their 
water  of  ecyatallixation,  aaioottting  to  94,90  on  100  of  the  dry  lait.    The  neuual  aulphate  eonaiata 
•f  100  add  ^  101,19  oxide.  ^ 

The  Gerienate  ia  pulTemlent  and  inaolnUe  in  water,  and  readily  decomposable  by  heat    n  eon-  CarboMte. 
aials  of  100  aeid  ■|"9B9,88  oaide.    PkMfkwnt  of  oadmium  has  a  grey  colour  and  a  feeble  metallie  lustie* 

The  fk09fk9U  if  p«lTflnil«ftt  m4  insoluble*    U  is  constitotcd  of  100  acid  -|-  9^|49  oxide. 
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heating  sulphur  either  with  the  metal  or  the  oxide^  or  by  pre- 
cipitating a  solution  of  cadmium  by  sulphuretted  hydrogen. 

1324.  Cadmium  unites  with  other  metals.  Its  alloy  with 
copper  is  white,  with  a  slight  tinge  of  yellow.  It  unites  also 
with  cobalt,  platinum,  and  mercury,  and  probably  with  other 
metals. 

From  a  survey  of  its  salts,  it  appears  that  their  analysis  does 
not  lead  to  a  perfect  agreement  as  to  the  equivalent  of  its  oxide, 
and  consequently  of  that  of  the  metal.  None  of  the  results, 
however,  are  very  remote  from  affording  Q4  for  the  number 
representing  the  oxide,  from  which  deducting  8,  we  obtain  56 
for  the  equivalent  of  cadmium.     H.  2.  49. 


SscTzoN  XV.     Copper. 


iParo  copper, 
how  obiuo- 


1325.  This  metal  is  found  native,  and  in  various  states  of 
combination.  Of  its  ores,  the  oxide,  chloride,!^  sulphuret^suU 
phate,  phosphate,  carbonate,  and  arseniate,  are  the  most  remark^ 
able.  The  metal  may  be  obtained  perfectly  pure  by  dissolving 
the  copper  of  commerce  in  muriatic  acid ;  the  solution  is  diluted 
and  a  plate  of  iron  immersed,  upon  which  the  copper  is  pre* 
cipitated.  It  may  be  fused  into  a  button,  after  having  been 
previously  washed  in  dilute  sulphuric  acid  to  separate  a  little 
iron  that  adheres  to  it. 

It  was  known  in  the  early  ages  of  the  world,  and  was  the 
principal  ingredient  in  domestic  utensils,  and  in  the  instru- 
ments of  war,  previous  to  the  discovery  of  malleable  iron.* 
•rroperttoa.    ,     1326.  Coppcr  has  a  fine  red  colour,  and  much  brilliancy ;  it 
'  is  very  malleable  and  ductile,  and  has  a  peculiar  smell  when 
warmed  or  rubbed.    It  melts  at  a  cherry  red  or  dull  white 
heat.    Its  specific  gravity  is  8,90.     Under  a  flame  urged  by 
oxygen  gas,  it  takes  fire,  and  burns  with  k  beautiful  green 
light. 
Action  of  airi      1327.  Copper  is  oxidizod  by  air.     This  may  be  shown  by 
heating  one  end  of  a  polished  bar  of  copper,  which  will  exhibit 
various  shades  of  colour,  according  to  the  intensity  of  the  heat. 

A  plate  of  copper,  exposed  for  some  time  to  heat,  becomes 
covered  with  an  oxide,  which  breaks  off  in  scales  when  the  cop- 
per is  hammered.  It  is  composed  of  62  of  the  black  oxide  and 
38  copper.  This  oxide,  when  exposed  on  a  muf9e,  is  farther 
oxidized,  and  assumes  a  deep  red  hue.  Copper  is  also  oxidized 
by  long  exposure  to  a  humid  atmosphere,  and  assumes  a  green 
colour ;  but  the  green  compound  holds  carbonic  acid  in  combi- 
nation.  The  oxides  of  copper  do  not  return  to  a  metallic  state 
by  the  mere  application  of  heat ;  but  require,  f<ir  their  reduc- 
tion the  admixture  of  inflammable  matter. 


^  Tbt  wMd  •lygNr  M  d«riT«d  fi«m  tlio  Siluid  gf  QjrpniH  ^vlme  tt  WM  ^ 
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1328.  Native  Copper  occurs  in  a  variety  of  forms;  inassiirei  urttiT* 
dendritic,  granuFar,  and  crystallized  in  cubes,  octoedra,.&c.     It  ^^^v^^ 
is  found  in  Cornv^all,  Siberia,  and  other  parts  of  Europe.     Large 
masses  have  been  found  in  various  parts  of  America ;  one  of 
which,  about  30  miles  from  Lake  Superior,  described  by  Mr 
Schoolcraft,  weighs  by  estimation  9,000  lbs.* 

1329.  Copper  and  Oxygen. — Copper  is  susceptible  of  only  P^otoxw*-" 
two  degrees  of  oxidizement ;  in  its  lower  stage  the  compound  is 

red  ;  wheti  oxidated  to  the  maximum,  it  is  black.  The  red  or 
Protoxide  occurs  native.  It  may  be  formed  artificially,  by  the  ^'^  •'*•*' 
following  process.  Mix  together  57^  parts  of  black  oxide  of 
copper,  precipitated  from  the  sulphate  on  an  iron  plate.  Tri- 
turate it  in  a  mortar,  and  put  the  nvixture  with  400  parts  of 
muriatic  acid,  into  a  phial,  which  is  to  be  well  stopped.'  The 
copper  and  its  oxide  will- be  dissolved  with  heat.  When  potassa 
is  poured  into  this  solution,  the  oxide  (or  rather  hydrated  pro* 
toxide)  of  copper  is  precipitated  of  an  orange  colour.t  This 
oxide,  when  deprived  of  water,  becomes  red  ;  but  it  attracts 
oxygen  so  strongly  that  it  can  scarcely  be  dried  without  absorb- 
ing more.    It  is  composed  of 

Copper     •     .     .   '.     88,89     •     •     .     .     100.  Oompoait^a. 

OxjrgeQ    ....     11,11     •    •    .    .       1S,6 

100. 

1330.  The  equivalent  number  of  copper,  deducible  from  the  Eqaivaieai 
composition  of  the  protoxide,  is  therefore  64,  for  12,5  :  100  :  :  »'»"**^* 

8  :  64,  and  the  protoxide  will  consist  of  1  atom  copper  =  64 -f- 1 
atom  of  oxj'gen  8  =  72,  and  the  peroxide  of  1  copper  -f-  2  oxy- 
gen =  80. 

The  Ruby  Copper  of  mineralogists  is  a  native  Protoxide. 

1331.  Peroxide  oi  Copper  may  be  obtained,  either  by  cal- 
cining the  scales  of  copper,  which  have  already  been  alluded 
to,  under  a  muffle ;  or  by  decomposing  nitrate  of  copper  by 
carbonate  of  potassa,  and  igniting  the  precipitate ;  or  by  the 
simple  ignition  of  the  nitrate. 

It  varies  in  colour  from  a  dark  brown  to  a  bluish  black,  ac- 
cording to  the  mode  of  its  formation.  It  undergoes  no  change 
by  heat  alone,  but  is  readily  reduced  to  the  metallic  state  by  Ponaite 
heat  and  combustible  matter;  It  is  insoluble  in  water,  combines 
with  nearly  all  the  acids,  and  most  of  its  salts  have  a  green  or 
blue  tint.  It  is  soluble  in  ammonia,  forming  with  it  a  deep  blue 
solution,  a  property  by  which  the  peroxide  of  copper  is  distin- 
guished from  all  other  substances. 

1332.  Copper  and  Chlorine,    Gaseous  chlorine  acts  upon  cuoria» 
copper  with  great  energy,  and  produces  two  chlorides;  the  one 

a  fixed  fusible  substance,  which  is  the4)rotochloride,  consisting 
of  1  proportional  of  copper  =  64  -f  1  proportional  of  chlorine 
=  36.  TRe  other  a  volatile  yellow  substance,  which  is  a  per- 
chloride,  and  contains  2  proportionals  of  chlorine. 


•  a«e  other  localitiei  in  CletTeUod'H  MinertUeffy^  p.  554.  t  Ch«neTix. 
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1333.  The  Protochloride  of  Copper  was  first  described  »bjr 
I  £iS%'S!i**©b-  Boyle  in   1666,  under  the  name  of  Rosin  of  Copper,     It  may 

i  \»XB»A.         \^  obtained  by  exposin|;  copper  filings  to  tlie  action  of  chlorine 

\  not  in  excess ;  or  by  evaporating  the  proto-muriate,  and  heating 

the  residue  in  \  yessel  with  a  very  small  orifice ;  or  by  heating 
the  perchloride  in  the  same  way.  It  is  also  the  residue  of  the 
distillatipn  of  a  mixture  of  two  parts  of  corrosive  sublimate  and 
one  of  copper  filings.  It  is  insoluble  in  water,  but  soluble  in 
muriatic  acid,  from  which  potassa  throws  down  a  ))ratoxide. 
When  water  is  added  to  its  muriatic  solution  it  is  precipitated 
'  unaltered  ;  its  colour  varies^  being  generally  dark  brown ;  but 

^  if  fused  and  slowly  cooled^  it  is  yellow,  translucent,  and  chrys- 

talline. 
>  p«Kiiioride.        1334.  PtTChloride  of  Copper  may  be  formed  by  dissolving 

peroxide  of  copper  in  muriatic  acid,  and  evaporating  to  dryness 
(  by  a  heat  below  400°.     It  is  soluble   in  water,  producing  a 

permuriate,  from  which  potassa  piecipitates  the  peroxide:    its 
,  colour  is  yellow,  but  it  becomes  white  and  afterwards  green, 

when  exposed  to  heat  and  moisture.  Exposed  to  a  red  heat  in 
a  tube  with  a  very  small  orifice,  gaseous  chlorine  is  expelled, 
and  it  becomes  a  protochloride. 

133$    Muriatic  acid  acts  with  difficulty  on  metallic  copper, 
Actiunofmu-  ©xccpt  it  be  Concentrated  and  boiling;   but  it  readily  dissolves 
riAticacid.     the  peroxido,  forming  a  brown  or  grass-green  solution,  accord- 
ing to  its  state  of  dilution*.     This  is  a  permuriaie  of  copper. 
If  plates  of  copper  be  exposed  to  the  joint  action  of  air  and  the 
fumes  of  muriatic  acid,  they  become  encrusted  with  a  green 
powder  which  is  readily  soluble  in  muriatic  acid,  and  which  is. 
a  true  muriate^  or  compound  of  1  atom  of  base  ^-  1  atom  of  acid. 
Protomari-         If  metallic  copper  be  digested  in  muriatic  acid  with  the  per- 
•*••  oxide,  an  olive-coloured  solution  of /^ro/o-mt/W^r/e  qf  topper  \% 

formed,  which  strongly  attracts  oxygen,  and  which,  when  con- 
centrated, deposits  small  grey  crystals.     This  salt  is  decompos- 
^  ed  by  merely  pouring  it  into  water.     The  addition  of  potassa 

occasions  a  precipitate  of  the  orange  or  protoxide  of  copper. 

1336.  Native  Sub-muriate  of  Copper  is  found  in  Peru  and 

nllllato  ™or  ^^^'*»  somctimcs   10   the  form  of  green  sand,  and  sometimes 

atacamiW.     massivc  and  chrystallized.     The  green  sand*  was  found  in  the 

river  Lipas,  in  the  desert  of  Atacama,   separating  Peru  from 

Chili,  hence  mineralogists  have  termed  this  variety,  Jitacam- 

ite*     It  is  of  a  deep  green  colour,  and  contains,  according  to 

Dr  DaVy^s  analysis,  73  peroxide  of  copper  +  16,2  muriatic  acid 

-f-  10,8  water.t     It  is  a  submuriate  of  copper  that  is  formed  by 

the  action  of  sea-water  upon  copper  sheathing.  (262.) 

*  Muriate  ofeopper  hat  abu  been  touoi  upon  loroe  of  the  lavaa  of  Verayioa. 

t  Odorate  tf  Copper  in  a  blue-green  deliquocceot  aalt/diflieultlr  cbryatalliaable,  forraad  by  dnMlT> 

ing  peroxide  uf  copper  in  chloric  acid    A  piece  of  paper  dipped  into  its  eolotion  bona  with  a  rcniarik- 

able  green  flamo.^-VaoqacUn.    Ad  hdide  of  Ckpptr  ia  precipitated  from  aolvtiona  of  the  metal  by 

hjrdriudic  acid.    It  is  brown  and  insoluble.    When  aointioD  of  the  alkaline  iodalM  ii  added  to  aolv- 

*  tiont  of  copper  an  insoluble  ioiaJU  of  eopptf  ia  thrown  down. 
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1337.  Nitrate  of  Copper,     Nitric  acid,  diluted  with  three  Nitmt. 
parts  of  water,  rapidly  peroxidizes  copper,  evolving  nitric  oxide, 

and  forming  a  bright  blue  solution,  which  affords  deliquescent 
prismatic  crystals  on  evaporation,  of  a  fine  blue  colour  and  very 
caustic.  It  consists  of  80  peroxide  +  108  acid ;  biit  the  crys- 
tals contain  a  considerable  portion  of  water,  which  causes  them 
to  liquefy  at  a  temperatU'C  below  212^.  At  a  higher  tempera- 
ture thoy  lose  water  and  acid,  and  according  to  Proust  become 
a  sub-pernitrate^  which  is  insoluble  in  water,  and  entirely 
decomposed  at  a  red  heat.  There  appears  to  be  no  protoni* 
trate  of  copper,  for  protoxide  of  copper,  digested  in  very  dilute 
nitric  acid  is  resolved  into  peroxide  which  dissolves,  and  into 
metallic  copper.  Potassa  forms,  in  this  solution,  a  bulky  blue  fxSHf^^^ 
precipitate  oi  hy drat ed  peroxide  of  copper  ^  which  when  boiled 
in  potassa  or  soda,  beconies  black  from  the  loss  of  its  combined 
water. 

1338.  When  crystals  of  nitrate  of  copper  are  coarsely  pow-  ys^^ 
dered,  sprinkled  with  a  little  water,  and  quickly  rolled  up  in  a 
sheet  of  tin-foil,  there  is  great  heat  produced,  nitrous  ga&  is 
rapidly  evolved,  and  the  metal  often  takes  fire. 

1339.  If  ammoBia  be  added  to  solution  of  nitrate  of  copper,  it  Anrnmonf*- 
occasions  a  precipitate  of  the  hydrated  peroxide ;   but  if  it  be  *" 
added  in  excess,  the  precipitate  is  re-dissolved,  and  a  triple  am* 
monio-nitrate  qf  copper  is  produced.* 

1340.  If  peroxide  of  copper  be  digested  in  ammonia  it  is  dis-  Ammoniomt 
solved,  forming  Sebright  blue  solution,  which  by  careful  evapo-  ^^'^^^' 
ration,  affords  fine  blue  crystals.     A  mixture  of  lime,  sal-ammo* 

niac,  and  water,  placed  in  a  copper  vessel,  or  mixed  with  oxide 
of  copper,  also  affords  a  fine  blue  liquor,  in  consequence  of  the. 
action  of  the  ammonia  on  the  oxide  of  copper*  This  solution 
is  the  tSqua  Sapphirina  of  old  pharmacy.  The  compound 
has  sometimes  been  called  Jinttnoniuret  of  Copper^  or  Cuprate 
ofJimmonia^ 

1341.  The  protoxide  of  copper  also  dissolves  in  ammonia^ 
but  the  solution  is  colourless  \  if  it  be  exposed  to  air  it  be- 
comes blue. 

Tbift  may  be  well  shovrn  by  filling  a  tall  glaii  with  liquid  ammonm,  and  add-  Eip< 
iog  a  few  drops  of  solution  of  proto-moriale  of  copper ;   the  liquid  jireoently 
acquires  a  blue  colour  upon  the  surface,  but  remains  for  some  tune  colourless 
below. 

Into  a  half  ounce  stoppered  phial,  filled  with  a  solution  of  ammonia,  drop  a 
few  pieoea  of  metallic  copp<*r ;  if  the  bottle  be  left  uuttopped.  a  beautiful  blue  ^^* 
liquid  will  be  obtained ;  if  the  stopper  be  replaced,  thip  colour  in  a  ^hort  tima 
will  disappear,  and  re-appear  on  Bgain  adiniltin^  the  air.  In  thi«  manner  a  blue 
and  oolourleis  liquid  can  be  alternately  produced  as  we  withdraw  or  replace 
the  stopper. 

In  this  experiment  the  peroxide  when  excluded  from  the  air^ 
is  converted  into  a  protoxide  by  the  action  of  the  metallic  cop- 


*  A  «i(&-ii»erate  of  OQpp«r  it  tlio  described  by  Berzolius,  (8S  ^nn.  it  Chim*).  it  i»  obtained  by  add* 
lui  a  small  partioa  ot'  p  juwa  to  ttu  solqt^n  of  tho  oitrato,  oc  by  bsaliog  Hie  dry  salt  (eptly. 
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per,  which  agaio  becomes  the  peroxide  by  the  action  of  the 
atmosphere. 

134^.  Plates  of  copper  digested  in  a  solution  of  muriate  of 
ammonia,  are  soon  incrustcd  with  a  green  powder,  which  has 
been  used  in  the  arts  under  the  name  oi  Brunswick  green,* 

1343.  Copper  and  Sulphur.  There  are  two  sulphurets  of 
copper,  both  of  which  exist  native ;  the  one  is  black  and  ma^ 
be  formed  artificially,  by  mixing  together  8  parts  of  copper 
filings,  and  %  of  sulphur,  and  exposing  the  mixture  to  a  gentle 
heatt  Whenever  the  sulphur  is  raised  a  little  above  its  melting 
temperature,  combustion  suddenly  pervades  the  whole  mass 
with  explosive  violence,  exceeding  in  brightness  that  produced 
by  the  fusion  of  iron  and  sulphur.  The  experiment  succeeds 
equally  well  in  vacuo  or  in  azote.     U.  370.  j: 

Copper  leaf,  Berzelius  observes,§  burns  in  gaseous  sulphur, 
as  brilliantly  as  iron  wire  in  oxygen  gas.  A  tompound  is 
formed,  precisely  analogous  to  the  native  black  sulphuret  of 
copper,  or  copper  glance.  It  is  a  proto-sulphuret,  and  consists 
of  1  atom  copper  +  ^  sulphur. 

1344.  Bi-sulphuret  of  copper  forms  the  principal  ingredient 
of  copper  pyrileSj  or  the  yellow  sulphuret,  which  is  the  most 
important  and  generally  occurring  ore,  affording  the  largest 
proportion  of  the  copper  of  commerce.  It  consists  of  1  atom 
copper  +  2  atoms  of  sulphur.|| 

1345.  Sulphile  of  Copper  may  be  obtained  by  passing  a  cur- 
rent of  sulphurous  acid  gas  (which  has  been  fi^t  passed  through 


^  According  to  Dr  Mac  CuUoch  a  Boltttion  of  copper  in  ammonia  maj  l>e  obtained  by  boiling  metal- 
lic copper  in  water  of  ammonia.  The  water  it  decompoecd,  the  metal 'ia  oxidated  and  hydrogen 
Mcapei*  Advantage  may  bo  taken  of  thii  in  cleaning  (or  colofiring,  as  it  is  termed  by  joweJIcra)  * 
gold  trinkets,  sacb  as  chains,  &c.  which  are  often  made  of  a  very  inferior  alloy.  Artiits  mako  use  of 
weak  nitric  acid,  or  of  the  materials  from  which  the  acid  is  produced,  and  which  often  destroyn  the 
finer  kinds  of  workmanship  by  diisolring  the  copper  of  the  alloy  to  some  depth  on  the  surface ;  the 
gold  not  being  acted  upon,  the  trinket  appears  as  if  newly  gilded.  Boiling  in  ammonia  is  a  safe  sub- 
fltitute  for  this  process,  and  the  operation  may  be  performed  by  any  person  without  the  assistance  of 
the  artist.    Brewster's  Jowr-  i.  75.    Bo»t,  Jour,  ii.  906. 

t  Or  by  mixing  3  parts  of  the  metal  with  1  of  sulphur,  in  a  g^sss  tube. 

X  From  this  experiment,  Dr  Ure  remarks,  we  are  entitled  to  consider  sulphur  as  a  true  supporter  of 
•combustion,  if  this  name  be  retained  in  chemistry, — and  sulphur  is  at  once  a  supporter  and  a  combus- 
tible in  the  fullest  sense;  a  fact  fatal  to  this  technical  distinction,  since  one  body  cannot  be  possessed 
of  diametrically  opposite  qualities.    U>  370. 

$  79  Ann.  de  Chim*  3S0.   See  also  VauqueUn  on  the  artificial  Sulphuret  of  Copper,  Ixxx.  S65.   Ber- 
melius  states  that  100  metal  combine  with  SS,6  sulphur. 

Tiio  Cornish  mines  are  very  productive  of  this  orct  and  it  is  the  principal  product  of  the  Farys 
mountain  mine  in  Anglesco. 

The  following  is  on  outline  of  the  process  by  which  theie  ores  of  copper  are  reduced,  as  carried  on 
upon  a  very  largo  scale  near  Swansea,  where  the  chief  part  of  the  Cornish  ores  are  brought  to  the 
state  of  metal.  The  ore,  having  been  picked  and  broken,  is  heated  in  a  reverberatory  furnace  by 
which  arsenic  and  sulphur  are  driven  oft*  It  is  then  transferred  to  a  smaller  reverberdlory,  where  it 
is  fused,  and  the  slag  which  icparates,  being  occasionally  removed,  is  east  into  oblong  masses  tued  as 
a  substitute  for  bricks.  The  impure  metal  collected  at  the  bottom  of  tlie  furnace  is  granulated  by  let- 
ting it  ruu  iota  water:  it  is  afterwards  re-molted  and  granulated  two  or  three  times  successively,  in 
order  futther  to  separate  Impurities,  which  are  chiefly  sulplmr,  iron,  and  arsenic,  and  ultimately  cast 
ifito  oblong  pieces  called  jrigs,  which  are  broken  op,  roasted,  and  lastly  melted  with  a  portion  of  char- 
•oal  in  Uie  refining  furnace.  It  is  now  malleable :  and  Is  generally  rolled  into  plates,  which  at* 
atmealed,  and  when  hot,  quenched  in  urine,  which  gives  the  metal  a  peculiar  red  tinge.    B. 
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a  small  qaantity  of  water,  in, order  to  deprive  it  of  sulphurie 
acid)  into  a  vessel  containing  water  and  peroxide  of  copper,  A 
green  liquid  is  formed,  which  contains  sulphite  of  copper,  with 
a  large  excess  of  acid ;  and  sulphite  of  copper  in  very  small  red 
crystals,  remains  at  the  bottom  of  the  vessel.  This  salt  has  been 
investigated  by  Chevreul,*  and  found  to  consist  of  protoxide  of 
copper  63,84  sulphurous  acid  36,16.     H. 

1346.  Perstdphate  of  Copper. — Roman  VitrioL — Blue  Vit- 
riol,— This  salt  is  formed  by  dissolving  peroxide  of  copper  in  orBuISvuri; 
sulphuric  acid.     It  crystallizes  in  rhomboidal  prisms  of  a  fine  <>i* 

blue  colour,  doubly  refractive,  and  soluble  in  about  4  parts  of 
water  at  ^0^.  It  may  also  be  formed  by  boiling  copper  filings 
in  sulphuric  acid  ;  a  process  which  furnishes  abundance  of  sul- 
phurous acid,  but  which  is  not  generally  had  recourse  to,  to 
produce  sulphate  of  copper.  It  is  made  upon  a  large  scale,  by 
exposing  roasted  sulphuret  of  copper  to  air  and  moisture.  When 
heated  it  loses  water  of  crystallization,  and  at  a  higher  temper- 
ature  sulphuric  acid  is  evolved,  unmixed  with  sulphurous  acid, 
as  in  the  case  of  the  decomposition  of  proto-sulphate  of  iron,  and 
peroxide  of  copper  remains.  It  is  the  Vitriol  or  Salt  of  Venus 
of  the  alcliymists.  It  consists  of  80  peroxide  4-  80  sulphuric 
acid,  when  crystallized  it  contains  10  atoms  of  water,  and  CompowUon. 
consequently  its  composition  will  stand  thus  : — 

1  atom  of  peroxide,  2  atoms  of  sulphuric  acid,  10  atoms  of  water. 

,    Strictly  speaking  this  salt  is  a  bi-sulphate. 
'     There  appears  to  be  no  proto-sulphate  of  copper,  for  when 
protoxide  of  copper  is  digested  in  dilute  sulphuric  acid,  metallic 
copper  is  separated,  and  a  solution  of  the  peroxide  obtained. 

1347.  By  cautiously  adding  ammonia  to  a  solution'of  the 
foregoing  salt,  a  subsulphate  of  copper  is  precipitated,  con-  Sobtuiphate. 
sisting  of  2  atoms  peroxide  -|-  1  acid.     The  alkalies  precipitate 
hydrated  peroxide  from  the  solution  of  the  persulphate,  and 

excess  of  ammonia  forms  a  triple  sulphate  of  ammonia  and 
copper.  The  same  compound  is  forjned  by  triturating  carbon- 
ate of  ammonia  with  crystals  of  sulphate  of  copper.  It  is  the 
cupri  ammoniaretum  of  the  U.  S.  Pharmacopoeia.^ 

1348.  Phosphoric  acid  unites  with  peroxide  of  copper  in  two 
proportions.     If  solutions  of  phosphate  of  soda  and  sulphate  of  "'^"p'***^ 
copper  be  mingled  together,  a  bluish  green  precipitate  is  form- 
ed, consisting  of 

1  atom  peroxide  of  copper,  2  atoms  pbo^phorio  acid,  1  atom  water. 

It  is  therefore  a  bi-phosphate.  The  phosphate  has  not  yet 
been  formed  artificially,  but  has  been  found  native,  of  ait  eme- 
rald green  colour.    H.:^ 

*  Ann.  de  Chim.  88.    161. 

t  Sulphate  of  Copper  and  Potaasa  it  a  triple  lalt  fonnod  by  digotting  peroxide  of  copper  in  bi-sol- 
phate  of  potassa.  It  crystallizes  in  rhombuids  of  a  palo  blue  colour.  Pkospkorut  and  Copper  fora 
a  f  rey  brittle  phospbnret.'  It  it  most  easily  made  by  dropping  piecM  of  phoaphonu  on  rod-bot  eop^ 
}>er  wire.    It  is  more  fusible  than  copper. 

tSeo  Cleavdaod*f  Mineralogy,  574. 
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1349.  Carbonate  of  Copper^  artificially  prepared,  by  adc^ing 
carbonate  of  potassa  to  sulphate  of  copper  and  drying  the  pre- 
cipitate,  is  a  green  compound,  insoluble  in  water,  consisting, 
according  to  Mr  R.  Phillips,  of  80  peroxide  +  22  carbonic  acid 
-f  9  water.  Copper,  exposed  to  damp  air,  becomes  incrusted 
with  this  compound.  Exposed  to  heat,  it  loses  water  and  car- 
bonic acid,  and  leaves  the  peroxide.  In  order  to  heighten  the 
green  tint  for  which  this  compound  is  esteemed  as  a  pigment, 
it  should  be  repeatedly  washed  with  boiling  water. 

-1350.  There  is  a  fine  blue  cupreous  preparation,  called  i?e* 
finer^s  Verditer^  principally  made  by  silver  refiners.  It  con- 
sists, according  to  Mr  R.  Phillips,  of  3  proportionals  of  oxide, 
4  of  carbonic  acid,  and  2  of  water.*  There  is  a  very  inferior 
pigment,  also  called  Verditer,  which  is  a  mixture  of  subsulphate 
of  copper  and  chalk. 

According  to  Pelietier,  a  good  verditer  may  be  obtained  as 
follows:  add  a  sufficient  quantity  of  lime  to  nitrate  of  copper  to 
throw  down  the  hydrated  oxide;  it  gives  a  greenish  precipitate 
that  is  to  be  washed  and  nearly  dried  upon  a  strainer;  then  in- 
corporate it  wiih  from  8  to  10  per  cent,  of  fresh  lime,  which 
will  give  it  a  blue  colour,  and  dry  it  carefully. 

1351.  Native  Carbonate  of  Copper  is  found  of  a  green  and 
blue  colour.  The  former,  or  Malachitej  is  founa  in  various 
forms,  but  never  regularly  crystallized.  It  is  of  various  shades 
of  green,  and  often  cut  into  small  slabs,  or  used  as  beads  and 
broach  stones.  The  pulverulent  variety  has  been  termed  cry- 
socolla  and  mountain  greenA 

1352.  Many  of  the  alloys  of  copper  are  important.  With 
gold  it  forms  a  fine  yellow  ductile  compound,  used  for  coin  and 
ornamental  work.  British  sterling  or  standard  gold  consists  of 
11  gold  -f-  1  copper.  The  specific  gravity  of  this  alloy  is, 
17,157.  With  silver  it  forms  a  white  compound,  used  for  plate 
and  coin.  [See  Gold  and  Silver*^  Le,ad  and  copper  require  a 
high  red  heat  for  union ;  the  alloy  is  grey  and  brittle. 

.  Of  the  alloys  of  copper  with  the  metals  already  described  the 
most  important  are  brass  and  bell-metal.  It  forms  white  com- 
pounds with  potassium  and  sodium ;  a  reddish  alloy  with  man- 
ganese ;  and  a  grey  one  with  iron. 

1353.  Brass  is  an  alloy  of  copper  and  zinc.  The  metals  are 
usually  united  by  mixing  granulated  copper  with  calamine 
(1291)  and  charcoal:  the  mixture  is  exposed  to  heat  sufficient 
to  reduce  the  calamine  and  melt  the  alloy,  which  is  then  casf 
into  plates.  The  relative  proportions  of  the  two  metals  vary 
in  the  difierent  kinds  of  brass;  there  is  usually  from  12  to  18 
per  cent,  of  zinc.     Brass  is  very  malleable  and  ductile  when 


*  Quarterly  Journal  of  Science  and  the  JirtSf  toU  it.  p<  377. 

t  Berate  of  topper.  Solutiuo  of  borax,  poured  iuto  lolphate  of  copper,  prodacet  a  bulky  p*]^ 
Creen  precipitate  of  borate  of  copper. 

Flerroeyanale  of  Copper  it  a  brown  conipoaDd,  obtained  bj  addiof  ferrocyvatoofpotaMa  Wft 
dilute  loluUon  of  Milpbuta  or  uilrate  of  copper.  Mr  HAtcbett  b«9  recomiueoJed  tbin-BuL^tUbce  m  a 
bruwu  pif  meot. 
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cold ;  and  its  colour  and  little  liability  to  rusty  recommend  it  in 
proference  to  copper  for  many  purposes  of  the  arts.  According 
to  M.  Sage,  a  very  beautiful  brass  may  be  made  by  mixing  50 
grains  of  oxide  of  copper,  100  of  calamine,  400  of  blacli  flux, 
and  30  of  charcoal  powder;  melt  these  in  a  crucible  till  the  blue 
flame  is  no  longer  seen  round  the  cover ;  and,  when  cold,  a 
button  of  brass  is  found  at  the  bottom,  of  a  golden  colour,  and 
weighing  one-sixth  more  than  the  pure  copper  obtained  from 
the  above  quantity  of  oxide. 

1354.  The  analysis  of  brass  may  be  performed  by  solution  in  AoftiyMiof 
nitric  acid ;  add  considerable  excess  of  solution  of  potassa  and  ^'*~* 
boil,  which  will  dissolve  the  oxide  of  zinc  and  leave  that  of 
copper;   wash  the  latter,  and  dry  and  heat  it  to  redness:    125 

parts  indicate  100  of  copper.  The  zinc  in  the  filtered  alkaline 
solution  may  be  precipitated  by  carbonate  of  soda,  having  pre- 
viously added  a  small  excess  of  muriatic  acid ;  wash  this  precip- 
itate, dry  it,  and  expose  it  to  a  red  heat ;  it  is  then  oxide  of 
zinc,  123  parts  of  which  indicate  100  of  metal. 

1355.  Tutenag  is  said  to  be  an  alloy  of  copper,  zinc,  and  a  Tutonaf, 
little  iron ;  and   TornbaCy  Dutch  gold^  SimiloTf  Prince  Ru-  jj»c»»*>ock. 

perVs  metal^  and  Pinchbeck^  are  alloys,  containing  more  copper 
than  exists  in  brass,  and  consequently  made  by  fusing  vari* 
ous  proportions  of  copper  with  brass.  According  to  Wiegieb, 
Manheim  gold  consists  of  3  parts  of  copper  and  1  of  zinc.  A 
little  tin  is  sometimes  added,  which,  though  it  may  improve  the 
<^olour,  impairs  the  malleability  of  the  alloy.* 

1356.  Beli-meial  9Lnd  bronze  e^re  alloys  of  copper  and  tin;  Beii-metti 
they  are  harder  and  more  fusible,  but  less  malleable  than  cop-  ^n^^^'^^i^' 
per.    The  best  bell-metal  is  composed  of  80  parts  copper  and  20 

of  tin ;  the  Indian  gong,  celebrated  for  the  richness  of  its  tones, 
Contains  copper  and  tin  in  this  proportion.  A  little  zinc  is 
added  to  small  shrill  bells.  Bronze  consists  t>f  from  8  to  12  of 
tin  with  100  of  copper. 

1957.  From  a  recent  investigation,  Mr  Dalton  finds  tbnt  into 
all  the  alloys  of  copper  which  are  characterized  by  useful  pro- 
perties, the  ingredients  enter  in  atomic  proportions;  and  it  is 
probable  that  by  attention  to  these  proportions^  the  manufac- 
ture of  the  artificial  alloys  may  be  greatly  improved.    U.  2.  111. 

1358.  The  analysis  of  alloys  of  tin  and  copper  may  be  per- 
formed by  digestion  in  nitric  acid,  which  dissolves  the  copper, 
and  converts  the  tin  into  insoluble  peroxide,  which,  when  wash* 
ed  and  dried,  consists  of  100  tin  +  27  oxygen.  The  cupreous 
solution  may  be  decomposed  by  potassa,  and  the  pure  peroxide 
of  copper  indicates  the  quantiy  of  that  metal,  as  in  the  analysis 
of  brass.  (1354.) 

*  Ad  alloy,  whieb,  from  the  rewmUanca  it  hu  in  oolour  to  gold,  if  called  Muaie  gold,  has  been 
fately  prepared  from  equal  parts  of  copper  and  sine  melted  at  tfaa  lowest  temperature  at  wbicb  copper 
will  fuse 

SpteulMim  mtUl  is  an  alloy  of  copper  and  tin,  with  a  little  arsenic ;  about  6  copper,  S  tin.  1  arsenic* 
On  this  snbject  tbo  reader  ts  rofened  to  Mr  Edwards's  ezporimonts.    Nicholson's  Joumalt  4to.  iii. 
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1359.  Vessels  of  coppef  used  for  culinary  purposes  are  usually 
coated  with  tin,  to  prevent  the  food  being  contaminated  wjth 
copper.  Their  interior  surface  is  first  cleaned,  then  rubbed 
over  with  sal-ammoniac.  The  vessel  is  then  heated,  a. little 
pitch  or  rosin  spread  over  the  surface,  and  a  bit  of  tin  rubbed 
over  it,  which  ins^tantly  unites  with  and  covers  the  copper. 

1360.  The  cupreous  salts  are  nearly  all  soluble  in  water,  and 
of  a  blue  or  green  colour.  Ammonia  produces  a  compound  of 
very  deep  blue,  when  added  ii)  excess  to  these  solutions,  hydro- 
sulphuret  of  ammonia  forms  a  black  precipitate ;  and  a  plate  of 
iron  plunged  into  a  liquid  salt  of  copper  precipitates  metallic 
copper. 

Ferrocyanate  of  potassa  is  also  an  excellent  test  of  the  pres- 
ence of  copper;  it  produces  a  brown  cloud  in  solutions  contain* 
ing  the  peroxide.*     (1351,  note.) 
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1361.  The  natural  compounds  of  this  metal  are  very  numer- 
ous. The  roost  important  is  the  suiphuret,  from  which  the 
pure  metal  is  chiefly  procured.  Lead  is  also  found  combined  with 
selenic,  carbonic,  sulphuric,  phosphoric,  arsenic,  molybdic,  and 
chromic  acids,  and  with  oxygen  and  chlorine.  To  obtain  lead 
perfectly  pure,  Bcrzelius  dissolved  it  in  nitric  acid,  and  crys- 
tallized the  salt  several  times,  till  the  mother  liquor,  on  adding 
carbonate  of' ammonia,  gave  no  traces  of  copper.  The  pure 
nitrate  of  lead,  mixed  with  charcoal,  was  strongly  heated  in  a 
Hessian  crucible ;  and  the  lead,  which  separated,  vvas  kept  for 
some  time  in  fusion,  in  order  to  ire^  it  entirely  from  charcoal. 
The  lead,  thus  obtained,  when  re-dissolved  in  nitric  acid,  gave 
no  trace  of  any  other  metal. 

13G2.  Lead  appears  to  have  been  known  in  the  earliest  ages 
of  the  world.  Its  colour  is  bluish  white.  It  melts  at  612%t 
and  by  the  united  action  of  heat  and  air  is  readily  converted 
into  an  oxide,  its  specific  gravity  is  11,35.  At  common  tem- 
peratures, it  undergoes  little  change  by  mere  exposure  to  air, 
but  it  is  slowly  corroded  by  the  joint^gency  of  air  and  water; 
hence  the  danger  of  leaden  pipes  and  vessels  for  containing 
water  which  is  intended  to  be  drunk.  Water  appears  also  to 
lact  more  readily  on  lead,  when  impregnated  with  the  neutral 

salts  that  are  occasionally  present  in  spring  water.j:     Exposed 

,  •  f— — 
■  ■  '   -    ■  ■  ,■■.■....»■<.■■■ ■    ■ 

*  The  oxidation  of  copper  plates  is  a  matter  of  very  groat  importance  in  the  arts,  and  in  the  case  of 
great  and  expensive  works  where  few  impremtons  of  an  engraving  are  taken  and  the  plates  laid  aside 
for  a  considerable  length  of  time,  a  serious  iigury  to  the  plate  is  sustained  by  the  neoeesity  of  <deaiiing 
them  from  oxide,  when  they  are  to  be  again  used.  This  may  be  prevented  by  Yarnisbing  the  plates 
with  common  lac  varnish,  which  can  easily  be  removpd,  when  requisite,  by  spirit  of  wino«  Brewster^s 
Jour.  1.  76.    Dost.  Jour.  ii«  90S. 

t  Cricbton. 

t  On  the  |iresoncc  of  lead  in  water,  consult  Dr  Lnr.)ir<*ii  "  Researches  respectiqg  ffpring  W«ter,*' 
(Svo.  liond.  Johnson)  and  also  Guyton,  SC  Nicb.  Jour.  102. 
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upon  ig^nited  charcoal  to  a  current  of  oxygen  gas,  it  burns  with 
a  blue  flame,  throwing  off  dense  yellow  fumes  of  oxide.  The 
alchymists  gave  this  metal  the  name  of  Saturn 

1363.  Oxides  of  Lead,     There  are  three   oxides  of  lead.  Oxidw. 
The  protoxide  is  the  basis  of  the  salts;  it  may  be  obtained  pure 

by  heating  the  nitrate  of  lead  to  redness  in  a  vessel  with  a  small 
orifice,  till  the  whole  of  the  acid  is  expelled.  It  is  insipid  and 
insoluble  in  water,  of  a  pale  yellow  colour,  and,  when  fused, 
crystallizes  on  cooling  in  irregular  scales.  It  is  volatile  at  a 
bright  red  heat.  It  is  very  soluble  in  solutions  of  potassa  and 
soda ;  and  when  in  fusion,  it  readily  dissolves  several  of  the 
earthy  bodies,  and  of  the  common  metallic  oxides.  If  it  be 
considered  a?  a  protoxide,  consisting  of  one  proportional  of  lead 
and  one  of  oxygen,  then  the  number  104  (deduced  from  the 
mean  of  the  best  analysis)  will  represent  lead,  and  it  will  con* 
sist  of  104  lead  +  8  oxygen.  This  oxide  is  known  in  comr 
merce  under  the  name  of  massicot;  or  when  vitrified,  as  Maaieot. 
obtained  by  calcining  lead  upon  a  large  scale,  it  is  called  lith- 
arge. 

When  ijnelted  lead  is  exposed  for  some  time  to  the  air,  it 
becomes  incrusted  with  a  grey  pellicle,  ^vhich,  on  removal,  is 
succeeded  by  another,  and  so  on  until  the  whole  is  converted 
into  a  greenish  grey  powder,  consisting  of  a  mixture  of  the  pro* 
toxide  with  metallic  lead. 

1364.  If  the  protoxide  be  exposed  to  heat  and  oxygen,  it 
gradually  acquires  a  bright  red  colour,  and  is  known  under  the 

nanie  of  tninium  or  red  lead.  This,  however,  is  an  impure  D«»toxia«. 
substance,  containing  sulphate  of  lead,  muriate  of  lead  with 
excess  of  base,  oxide  of  copper,  silica,  and  a  portion  of  the 
yellow  oxide.  The  protoxide,  Berzelius  found,  may  be  remov- 
ed by  acetic  acid,  which  does  not  act  on  the  red  oxide,  making 
allowance  for  the  other  impurities,  he  determined  the  compo- 
sition of  red  oxide  of  lead,  which  may  be  considered  as  the 
deutoxide,  to  be  lead  1  atom  =  104  +  I^  oxygen  =  12.  H. 
2.  115.* 

1365.  The/7eroart(/eof  lead  may  be  obtained  by  the  action  of  p«rozidt« 
nitric  acid  on  miniqm ;  but  the  most  convenient  method  of  pre- 
paring it  is  by  transmitting  a  current  of  chlorine  gas  through  a 
solution  of  acetate  of  lead.    In  this  process  water  is  decomposed, 

— its  hydrogen  uniting  with  chlorine,  and  its  oxygen  with  the 
protoxide  of  lead,  gives  rise  to  muriatic  acid  and  the  peroxide 
of  lead. 

1366.  The  peroxide  is  of  a  flea  or  puce  colour,  very  fine 
and  light  in  its  texture,  and  insbluble  in  nitric  acid.  When 
strongly  heated  it  gives  out  3  or  4  per  cent,  of  oxygen  gas,  and 
is  converted  into  yellow  oxide. 


*  To  «ueoeod  in  obtaioing  it  of  a  fino  red  tint,  it  rcquirei  to  bo  raanuractnred  in  quantitiot,  and  with 
■ereral  preeautiona.  The  muthoU  emptoyed  Id  Derbyshire  i«  described  ia  Wataon**  CktmUal  £««ay'» 
▼oL  iii.  pra38. 
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It  consists,  according  to  Berzelius^  of  1  atom  lead  +  2  atoms 
oxygen. 

1367-  The  oxides  of  lead  are  easily  vitrified,  and  have  the 
property  of  uniting  with  all  the  metals  except  gold  and  silver. 
Henre  gold  or  silver  may  be  purified  by  melting  them  with 
lead.     See  (1376.) 

Oils  dissolve  the  oxide  of  lead,  and  become  thick  and  consist- 
ent ;  in  which  state  they  are  used  as  the  basis  of  piasters,  cements 
for  water-works,  paints,  &c. 

1368.  The  oxides  of  lead  give  up  a  part  of  their  o'xygen  on 
t^e  application  of  heat.  When  distilled  in  an  earthen  retort, 
they  afford  oxygen  gas;  and  still  more  readily  when  distilled 
with  concentrated  sulphuiic  acid.  They  are  completely  reduced 
by  being  ignited  with  combustible  matter.  Thus  when  a  mix- 
ture of  red  oxide  of  lead  and  charcoal  is  ignited  in  a  crucible,  a 
button  of  metallic  lead  will  be  found  at  the  bottom  of  the  vessel. 
Mere  trituration  of  the  peroxide  in  a  mortar  with  a  little  sul- 
phur, and  the  subsequent  addition  of  a  small  bit  of  phosphorus, 
occasions  a  violent  explosion.*     H.  2.  117. 

1.S69.  Lead  and  Chlorine. — Chloride  of  Lead,  When  30 
grains  of  lead  reduced  to  fine  filings,  are  thrown  into  60  cubic 
inches  of  chlorine  gas,  moderately  warmed,  the  metal  burns 
with  a  clear  white  flame  accompanied  with  sparks. t  The  com- 
bination of  lead  and  chlorine  may,  however,  be  more  easily 
effected,  by  precipitating  the  nitrate  or  any  solttble  salt  of  lead 
with  a  solution  of  common  salt,  and  washing  the  precipitate 
with  a  sufficient  quantity  of  water. 

The  same  substance  is  obtained  by  adding  muriatic  acid  to 
nitrate  of  lead ;  it  is  white  and  fusible,  and  on  cooling  forms  a 
hornlike  substance  [plumbum  corneum:)  It  volatilizes  at  a 
high  temperature.  It  dissolves  in  22  parts  of  water  at  60^  ;  is 
more  soluble  in  boiling  water,  separating,  as  the  solution  cools, 
in  small  acicular  crystals,  unchanged  by  exposure  to  air,  and  of 
a  sweetish  taste.  It  dissolves  in  <iilute  nitric  acid.  It  has  been 
analyzed  by  Berzelius,  who  states  it  to  consist  of  100  muriatic 
acid  -f- 409,06  protoxide  of  lead,  equivalent  to  380,06  metallic 
lead  =  129  chlorine.  •  Dr  J.  Davy  found  it  to  be  composed  of 

Chlorine    ....     25,78    ....    34,75    ....     36 
Lead 74,22    ...        100,    ...     .        104 

100,  140. 

1370.  When  two  parts  of  the  red  oxide  of  lead  are  made  into 
paste  with  one  of  muriate  of  soda,  and  water  added  occasionally 
as  the  mixture  hardens,  soda  is  disengaged,  and  a  subchloride 
of  lead  is  formed  mixed  with  oxide  of  lead.  This,  on  fusion, 
affords  a  fine  yellow  pigment  called  mineral  or  pa  lent  yellow. 
The  disengaged  soda  attracts  carbonic  acid  from  the  atmosphere. 


*  Thomson* s  ^nn.  ix,  31. 

t  Or  lamtB«t«d  JmiI  may  b«  heated  in  chlorine,  which  will  be  absorirad  and  chloride  of  lead  will 
result. 
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but  not  enough  to  convert  it  into  carbonate.  In  the  larp^  way, 
it  is  found  necessary  to  supply  carbonic  acid  to  the  soda  thus 
formed,  by  burning  il  with  saw-dust.  By  this  process  a  large 
quantity  of  soda  was  extracted  from  common  salt  till  ^cheaper 
methods  were  discovered.  H.2. 118.  When  treated  by  nilrio 
acid,  it  forms  nitrate  of  lead  and  a  portion  of  chlorine  sepa- 
rates.* 

1371.  Nitrate  of  Lead  is  obtained  by  dissolving  the  metal,  Nttiato. 
not  in  excess,  in  dilute  nitric  acid,  and  evaporation.  The  salt 
crystallizes  in  tetraedra  and  octoedra,  which  are  white,  translu- 
cent, and  of  a  styptic  taste.  It  is  soluble  in  8  parts  of  water  at 
212^.  It  consists  of  112  oxide  of  lead  -f  54  nitric  acid.  The 
alkalies  throw  down  protoxide  of  lead  from  the  solution  of  this 
salt. 

1372  Subuilrate  of  Lead  {dinitrateT.)  may  be  formed  by  Sabnitrau. 
boiling  a  mixture  of  equal  weights  of  nitrate  and  proioxide  of 
lead  ini  water,  filtering  while  hot,  and  setting  it  by  to  crystal- 
lize; it  forms  pearly  crystals,  of  a  sweet  astringent  taste. t  It 
consists  of  two  proportionals  oxide  =  224,  -f  one  proportional 
nitric  acid  =54. 

1373.  'Chevreul  and  Berzelius  have  described  three  nitrites 
of  lead.]:  A  detailed  account  of  them  is  given  by  Dr  Thom- 
son.§ 

1374.  Hypo-nitrate  of  Lead. — Berzelius  obtained  this  salt  gypo^Bitnto. 
by  dissolving  a  given  quantity  of  di-nitrite  of  lead  in  water, 
adding  sufficient  ^ulphuric  acid  to  throw  down  half  the  lead, 
filtering  the  solution,  and  allowing  it  to  crystallize  spontane- 
ously. The  crystals  consist  of  1  atom  hyponitrous  acid,  1  pro- 
toxide of  lead,  and  1  of  waterl     H.  2.  120. 

1375.  Sulphuret  of  Lead  may  be  formed  artificially  by  Bnipiioret, 
fusion.     Its  lustre  and  colour  much  resemble  pure  lead,  but  it  . 

is  brittle:  it  consists  of  104  lead  -f  16  sulphur. 

1376.  Native  Sulphuret  of  Lead ^  or  Galena^  is  the  princi-  Native. 
pal  source  of  the  vast  commercial  demands  of  the  metal.     It 
occurs  massive  and  crystallized,  particularly  in  limestone  rocks. 

Its  primitive*  form  is  the  cube,  of  which  there  are  several  mod- 
ifications, and  among  them  the  octoedron.  It  often  contains 
traces  of  silver,  and  sometimes  in  such  quantity  as  to  render  it 

■  ■■■      -  ■     IT         -  I     -      M  II         Tl  -  I      ■  ■  II  ■  ■        —  ■■         ■  ^  ■         1      ■      ■         ■■>   - 

*  CMoraU  of  Lead  ii  obtained  by  digettin;  the  protoxide  in  chloric  acid ;  it  aeparatei  by  slow 
evaporation,  in  white  cryBtalliao  flakes  of  a  very  sweet  taste.  Wheo  heated  it  gives  oat  oxygeu  and 
becomes  a  chloride- 

Bromide  of  lead  was  precipitated  by  Mr  Balard  from  a  solution  oflead  by  hydrobromic  acid  It  is 
fusible  by  heat,  and  on  cooling,  concretes  into  a  yellow  mass.  When  first  precipitated  it  was  decom- 
p4)sahle  by  nitric  and  sulphuric  acid.  Whon  fused,  boiling  sulphuric  acid  was  required  to  produce 
this  efiect.     Qiarl.  Jour.  44  388. 

Iodide  of  Lead^  formed  by  healing  leaf  lend  with  iodine,  is  a  yellow  insoluble  compound.    It  is  also 
formed  by  adding  hydriodic  acid  or  hydriodate  of  potassa  to  solution  of  nitrate  oflead.    It  ooosists  of 
.1  atom  of  iodine  and  1  oflead. 

An  insoluble  IgdaU  of  Lead  is  thrown  down  on  adding  iodate  of  potassa  to  any  of  the  soluble  salts 
oflead. 

t  Cherre'ul  Annates  de  Ckimiei  Izxxii.  i  Ann»  de  CAim.  Ixxxiii.  and  Ixxxviii. 

^  Sygtemf  ii.  578. 
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worth  separatin^y  which  is  effecied  by  exposing  the  roasted 
aulphiiret  to  the  action  of  heat  and  air  in  shallow  earthen  dishes; 
the  lead  becomes  oxidized  and  converted  into  litharge,  while 
the  silver  is  left  pure,. in  consequence  of  its  power  of  resisting 
the  influence  of  heat  and  air.     This  process  is  called  cupel' 

CopenaUon.  laiton.  The  litharge  is  afterwards  reduced  by  fusion  with 
charcoal.* 

BediMtionof       '^^^  reduction  of  galena  upon  a  large  scale  Is  a  sufficiently 

gaiuua.  simple  process.  The  picked  ore.  after  having  been  broken  and 
washed^  is  roasted  in  a  reverberatory  fit*e,  the  temperature  being 
such  as  to  soften  but  not  fuse  it.  During  this  operation  it  is 
raked  till  the  fumes  of  sirlphur  are  dissipated,  when  it  is  brought 
into  perfect  fusion ;  the  lead  sinks  to  the  bottom,  and  is  run  out 
into  oblong  moulds  called  pigs;  the  scoriae  are  again  melted, 
and  furnish  a  portion  of  less  pure  metal. 

The  mines  of  Great  Britain  afford  an  annual  produce  of  about 
48000  tons  of  smelted  lead,  of  which  nearly  the  whole  is  ob- 
tained from  the  sulphuret.t 

Buiphau.  1377.  Sulphate  of  Lead.     When  metallic  lead   is  boiled  in 

concentrated  sulphuric  acid,  sulphurous  acid  is  evolved,  and  a 
white  sulphate  of  lead  is  formed.  It  is  so  nearly  insoluble,  that 
it  may  be  formed  by  adding  dilute  sulphuric  acid,  or  an  ajkaline 
sulphate,  to  a  solution  of  nitrate  of  lead.  Dr  Thomson  found, 
that  after  having  been  dried  at  a  temperature  of  400^,  it  might 
be  heated  to  redness  in  a  platinum  crucible  without  losing 
weight.  Heated  on  charcoal  by  the  blow-pipe,  it  is  decomposed 
and  reduced.  It  consists  of  one  proportional  of  sulphuric  acid 
a:  40,  and  one  proportional  of  oxide  of  lead  =  112;  and  its  rep- 
resentative number  is  therefore  152.  Sulphate  of  lead  is  inso- 
luble in  alcohol  and  in  nitric  acid  :  it  is  sparingly  soluble  io 
dilute  sulphuric  acid,  and  separates  from  it  in  small  prismatic 
cry.stals. 

The  insolubility  of  lead  in  sulphuric  acid  occasions  its  being 
employed  as  the'  material  for  constructing  the  chambers  in 
which  that  acid  is  prepared,  and  even  for  boiling  down  the 
weak  acid. 

Teatfofiead.  1378.  All  the  solutions  of  lead  are  decomposed  by  sulphuret- 
ted hydrogen  and  by  alkaline  hydro-sulphurets,  and  a  hydro- 
sulphuretted  oxide  is  thrown  down.  Hence  these  compounds 
are  excellent  tests  of  the  presence  of  lead  in  wine  or  any  other 

*  Tho  qaantitj  of  load  required  for  itiTer  of  Tarioua  dofioca  of  llnenoM  may  ba  loaned  from  a  me- 
moir of  D'Arcet  in  the  firat  volnme  of  Annate*  de  Gfcm.  et  de  Pk$t 

t  Hfpotulpkiu  of  Lead  ia  precipitated  in  the  form  of  a  white  powder,  nearly  inaolable  in  water, 
by  adding  aolution  of  nitrate  of  lead  tn  hyposulphite  of  potaasa  It  it  oompoeed,  aeeordinf  to  Her- 
aehol,  of  70,90  protoxide  of  lead  ^S9,7l)  hyposalphuroua  acid.  These  namben  corraapond  to  one 
proportional  of  oxide  of  lead  =s  113  -^S  propoi-tioaala  of  hypofltilphofoua  acidss  48. 

Sulphite  of  Lead  may  be  obtained  by  digesting  yellow  oxide  of  lead  in  sulphttrona  acid ;  or  by  aild- 
ding  sulphurous  acid  or  snlpliiie  of  (lotaasa  to  nitrate  of  lead  It  ia  white,  iaaolnblo,  and  tasteleaa, 
and  consists  of  one  proportional  of  each  of  its  componeati ;  namely,  38  solphorona  acid  mL.  US  oxido 
of  lead.    Whou  heated  it  loeos  mlphuroua  acid. 


SECT.  XVI.  Jiltoya  of  Lead.  36S 

liquor,  discovering  it  by  a  dark  coloured  precipitate.*  Hence, 
also,  characters  traced  with  solution  of  acetate  of  lead,  become 
legible  when  exposed  to  sulphuretted  hydrogen  gas.  The  same 
property  explains,  loo,  the  effect  of  alkaline  hydro -sulphurets 
in  blackening  the  glass  bottles,  in  which  they  are  kept.  The 
effect  is  owing  to  the  action  of  sulphuretted  hydrogen  on  the 
oxide  of  lead,  which  all  the  white  glass  contains.! 

1379.  Phosphate  of  Lead  is  formed  by  mixing  solutions  of  phosphatt. 
nitrate  of  lead  and  phosphate  of  soda,  or  phosphoric  acid.     It  is 
yellowish  white;  insoluble  in  water;  soluble  in  alkaline  solu- 
tions, and  in  nitric  acid.     It  is  decomposed   by  sulphuric  acid, 

and  by  hot  muriatic,  acid.  It  fuses  before  the  blow-pipe,  and 
crystallizes  on  cooling.  It  consists  of  112  oxide  of  lead  +  28 
phosphoric  acid  =  140.$ 

1380.  Carbonate  of  Lead — When  an  alkaline  carbonate  is  Cwbonftto. 
added  to  nitrate  of  lead,  a  white  precipitate  of  carbonate  of  lead 

falls :  it  is  tasteless,  insoluble  in  water,  but  soluble  in  fixed 
alkaline  solutions.  It  is  employed  as  a  white  paint,  under  the 
name  of  white  lead  or  ceruse^  and  is  usually  prepared  by  ex- 
posing slieet  lead  to  the  action  of  the  vapour  of  vinegar.§  It 
consibts  of  112  oxide  of  lead -|- 22  carbonic  acid  s=  134  carbon- 
nate  of  lead  || 

1381.  The  soluble  salts  of  lead  have  a  sweetish  austere  taste,  charactenof 
and  are   characterized   by  the  white  precipitate  produced   by  {Jjj."^**  ®^ 
ferrocyanate  of  potassa,  the  deep  brown  by  hydro-sulphuret  of 
ammonia,  and  the  yellow  by  hydriodate  of  potassa. 

1382.  The  salts  insoluble  in  water  are  dissolved  by  soda  and 
potassa,  and  by  nitric  acid,  when  the  metal  is  rendered  manifest 
by  sulphuretted  hydrogen  and  other  tests.  Heated  by  the 
blow-pipe  upon  charcoal  they  afford  a  button  of  metal. 

1383.  The  Alloys  of  Lead  vi\\h  the  metals  described  are  not  /^j^^^ 
important,  if  we  c  xcept  that  Which  it  forms  with  tin.     Common 
pewter  consists  of  about  80  parts  of  tin  and  20  of  lead.     Kqual 
parts  of  lead  and  tin  constitute  plumber^s  solder  ;  and  what  is 
termed  pot-metal  is  an  alloy  of  lead  and  copper. 

1384.  In  analyzing  these  alloys,  100  grains  in  filings  may  be  AnaiiBuof. 
boiled  to  dryness  in  two  ounces  of  nitric  acid,  water  poured 

upon  the  residue,  and  filtered ;  the  peroxide  of  tin  remains  on 
the  filter,  and  the  nitrate  of  lead,  which  passes  through  in  solu- 
tion, may  be  converted  into  sulphate  by  adding  sulphate  of  soda. 

*  Or,  Bubcarbooftte  ofammoDia,  which  i»  a  very  delicate  teat,  nay  be  employed  to  precipitate  tbe 
lead  in  a  stale  of  white  carbonate,  which,  on  being  waahed  and  digetted  with  aalpbinettad  fa|ydr<^eB 
water,  will  instantly  become  black-    U- 

t  Pkotpkuret  of  Lead  may  be  formed  by  dropping  pboaphonis  into  melted  lead.  It  is  of  the  colour 
of  load,  and  soon  tarnishes  Pkotphiu  e/  Lead  was  prepared  by  Berzelios  by  mixing  moriate  of 
lead  with  phosphite  of  ammonia.  It  is  white,  tast^esa,  and  insolttble,  aad  appears  to  eonaift  of  i 
proportional  oC  oxide  of  lead  -j^  1  proportional  of  phoapboroos  acid. 

X  Ann  Phito*.  1.  IS. 

$  The  process  is  descrilied  in  Aikin*«  Dietumarf^  {Jtrt.  Lead.) 

II  Borate  of  Lead  is  preeifiitated  in  the  form  of  a  white  powder,  when  borate  of  soda  is  mixed 
with  nitrate  of  lead.    Lead  occurs  combined  with  selenium.    Bee  BoHon  Jomr.  ii.  997. 
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152  grains  of  sulphate  of  lead  dried  at  a  red  heat,  indicate  104 
of  metal ;  and  75  grains  of  washed  peroxide  of  tin  are  equivalent 
to  59  grains  of  metallic  tin. 

1385.  With  potassium  lead  forms  a  brittle  and  very  fusible 
alloy  ;  with  sodium  the  compound  is  equally  brittle  but  less 
fusible.  When  exposed  to  air  these  alloys  suffer  decomposition 
in  consequence  of  the  oxidizement  of  the  alkaline  bases.  The 
alloy  of  lead  and  manganese  has  not  been  examined.  When 
lead  is  fused  with  iron,  two  alloys  are  obtained  ;  that  at  the  bot- 
tom of  the  crucible  consisting  of  lead  with  a  little  iron ,  while 
the  superficial  portion  is  iron  with  a  little  lead.*  Witli  zinc, 
lead  forms  a  hard  ductile  alloy. 

1386.  If  lead  be  healed  so  as  to  boil  and  smoke,  it  soon  dis- 
solves pieces  of  copper  thrown  into  it;  the  mixture,  when  cold, 
is  brittle.  The  union  of  these  two  metals  is  remarkably  slight; 
for  upon  exposing  the  mass  to  a  heat  no  greater  than  that  in 
which  lead  melts,  the  lead  almost  entirely  runs  off  by  itself. 

BiqaatioD.  This  proccss  is  called  eliquation.  The  coarser  sorts  of  lead, 
which  owe  their  brittleness  and  granulated  texture  to  an  admix- 
ture of  copper,  throw  it  up  to  the  surface  on  being  melted  by  a 
small  heat.     U.  544. 


Section  XVII.    ArClimony. 

Orefc  1387.  This  metal  is  found  native  in  Sweden,  in  France,  and 

in  the  Hartz ;  but  its  principal  ore  is  the  su/phuret  which  is 
found  massive  and  crystallized,  and  of  which  there  are  several 
varieties.  The  most  common  is  the  radiated^  which  is  of  a 
grey  colour  and  brittle.  This  ore  may  be  decomposed,  and  the 
pure  metal  obtained  from  it,  by  thejbl lowing  process  ;^ 

Mix  three  parts  of  the  powdered  sulphtiret  with  two  of  cnide  tarfaV,  and 
throw  the  oiixture  by  BpootifiiU  into  a  red-hot  crucible ;  then  heat  the  mass  to 
redness,  and  a  button  will  be  found  at  the  bottom  of  the  crucible,  which  is  the 
Kodactionof.  metal  as  it  comnionly  occurs  in  commerce,  and  ie  nearly  pure.  B  educe  this 
)>utton  to  fine  powder,  and  dissolve  it  in  nitro-muriatic  acid  ,  pour  this  solution 
into  water,  whibh  will  occasion  the  precipitation,  of  a  white  powder,  which  is 
to  be  washed  and  mixed  with  twice  its  weight  of  tartar  and  exposed  to  a  dull 
red  heat  in  a  crucible.     The  button  now  obtained  is  pure  antimony. 

Or,  two  parts  of  the  sulphuret  may  be  fused  in  a  covered  cru- 
cible with  pne  of  iron  filings,  and  to  these  when  in  fusion,  half 
a  part  of  nitre  may  be  added.  The  sulphur  quits  the  antimony 
and  combines  with  the  iron. 

1388.  Antimony  (sometimes  called  regulus  of  antimony^) 

is  of  a  silvery  white  colour,  brittle,  and  crystalline  in  its  ordi- 

rropcrUes.     nary  texture.     It  fuses  at  about  610°  and  is  volatile  at  a  high 

heat.     Its  specific  gravity  Js  6,70t  (6,424  T.)     Placed  upon 


*GuTlon  Mor\'enn,wfn«' rff  C/itM  Mi.  f  Ilatchett,  PAi/ojr.  T<-«ii«  1S08. 
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ignited  charcoal,  under  a  curregt  of  oxygen  gas,  antimony  burns 
with  great  brilliancy,  throwing  off  its  oxide  in  the  form  ojf  a 
dense  yellow  smoke. 

The  vapour  of  water,  brought  into  contiict  with  ignited  anti-  DeeompoM 
mony,  is  decomposed  with  so  much  rapidity  as  to  produce  a  ***'*''* 
series  of  4etonations.     H.  2.  72. 

1389.  Antimony  and  Oxygen. — Considerable  differences  oxidw. 
exist  among  chemists,  as  to  the  composition  of  the  oxides  of 
antimony.     Thenard*  maintains  the  existence  of  six  oxides, 
Proustt  of  two,  Berzelius:|:  of  four,  and  Thomson§  of  three. 

The  opinion  of  Dr  Thomson  is  now  admitted  by  most  chem- 
ists ;  and  there  is  reason  to  believe  that  the  proportions  which 
he  has  assigned  to  these  oxides  are  very  near  the  truth. 

r                                      Antimony.  Oxygen. 

/  Protoxide  ...     44    or  1  atom  —  8    =52 

\  Df utoxide  ...     44     "  1  "    —  12  =  58 

',  Peroxide  ...     44     "  1  "     —  16  =  60|| 

1390.  Protoxide  of  %^ntimony  is  thus-  obtained  :    To  200  prounidA. 
parts  of  sulphuric  acid  add  50  parts  of  powdered  metallic  anti- 
mony.    Boil  the  mi'xture  to  dryness,  wash  the  dry  mass,  first 

in  water,  and  then  with  a  weak  solution  of  carbonate  of  potassa; 
a  white  powder  remains,  which  when  thoroughly  washed  with  .  , 

hot  water,  is  protoxide  of  antimony.  It  may  also  be  procured 
by  dissolving  the  sulphuret  of  antjmony  in  muriatic  acid,  pour- 
ing the  solution  into  water,  and  washing  the  white  precipitate 
with  weak  solution  of  potassa. 

1391.  This  oxi^e  m^  alsp  be  obtained  by  adding  ammonia 
to  solution  of  tartrate  of  antimony  and  potassa,  heating  the  mix- 
ture and  washing;  the  precipitate  in  large  quantities  of  boiling 
water  It  is  thus  procured  in  the  form  of  a  heavy  white  pow- 
der. 

This  protoxide  exists  in  all  the  active  antimonial  prepapa- 
'  '  tions ;  in  emetic  tartar,  kermcs,  glass  of  antimony,  golden  sul-  ' 
phuret,  &c.  It  is  fusible  and  volatile  at  a  red  heat :  decom- 
posed by  sulphur  and  charcoal,  and  when  acted  on  by  nitric 
acid,  is  converted  into  peroxide.  If  heated  with  chlorate  of 
potassa  it  deflagrates  and  also  becomes  peroxidized  ;  it  is  very 
soluble  in  muriatic  acid,  and  readily  forms  emetic  tartar  when 
boiled  in  solution  of , tartrate  of  potassa. 

13P2.  The  presence  of  antimony  in  solution  is  easily  detect-  Teit. 
ed  by  sulphuretted  hydrogen.     This  gas  occasions  an  orange  \ 

"  ■   ■ 

*  Ato^  de  Ckim.  xxxii.'  t  J^ur-  tU  Pky»*  Iv. 

X  Ann.  de  Ckim-  Ixxxiii,  and  Ann.  de  Ckim.  et  PkfSmXvix.  $  First  Prin.  ii. 

tl  Dr  Thomson  wu  led  by  his  experi  menu  to  assign  to  theso  oxides  the  ToUowing  f^roportions : 

Protoxide  •  -  •  -  100  metal  -|-  18,3  Oxygen 
Oeutoxide  -  -  -  -  100  "  +  27,3  "  ^ 
Peroxide      -    -    -    -    100       "      -i^'^A      " 

These  proportions  are  more  consiitent  wiUi  the  general  law  of  chemical  combination,  than  the 
results  of  Berzelius ;  though  they  present,  with  respect  to  the  deotoxide,  the  same  anomaly  as  in  tJie 
case  of  one  or  two  other  metals,  viz.,  that  the  multiple  of  the  oxygen  of  the  first  oxide  is  l^  and  not 
an  oDtire  nombor. 
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coloured  precipitate,  the  hydrated  protosulphuret  of  anrimony, 
which  is  soluble  in  pure  potassa,  and  is  dissolved  with  dtsen^ 
gagement  of  sulphuretted  hydro«^en  by  hot  muriatic  acid,  form- 
ing a  solution  from  which  the  white  submuriate  is  precipitated 
by  water.     T.  409. 

1393.  Deutoxide.^-^Vf \ieti  antimony  burns,  or  is  strongly 
heated  in  open  vessels,  the  deutoxide  is  generated,  sublimes, 
and  condenses  on  cold  surfaces  in  the  form  of  acicular  crystals 
of  silvery  whiteness,  formerly  called  argentine  flowers  of 
antimony* 

This  oxide  does  not  fuse  readily,  but  is  more  volatile  than  the 
protoxide.  It  is  quite  insoluble  in  water,  and  in  the  anhydrous 
state  is  attacked  with  great  difficulty  by  acids.  It  combines 
with  alkalies,  and  for  this  reason  it  has  been  called  antimonious 
acidy  and  its  salts  antimonites,  by  Berzelius. 

The  antimonious  acid  is  precipitated  from  these  salts  by  acids 
as  a  hydrate,  which  reddens  litmus  paper,  and  is  dissolved  by 
muriatic  acid,  though  without  appearing  to  form  a  definite  com- 
pound. 

1394.  Peroxide  o/  jlniimony  or  Antimonic  Jtcid^  is  pro- 
cured by  acting  for  a  considerable  time  upon  the  powdered 
metal,  by  excess  of  hot  nitric  acid,  and  exposing  the  product 
to  a  red  heat,  to  expel  the  redundant  acid.* 

Another  pro-  It  is  also  formed  by  exposing  the  metal  or  the  protoxide  mixed 
with  five  or  six  parts  of  nitre  to  a  red  heat  in  a  porcelain  cruci- 
ble, and  washing  the  residue  with  hot  water.t  It  is  yellowish 
white,  but  becomes  bufi'-coloured  when  heated,  and  returns  to 
its  former  tint  on  cooling.  It  neither  fuses  nor  volatilizes  at  a 
bright  red  heat,  but  when  exposed  to  the  flame  of  a  spirit-lamp 
urged  by  a  blow  pipe,  it  passes  ofi*  slowly  in  white  fumes,  being 
partially  reduced  by  the  hydrogen  of  the  flame. 

1395.  Antimony  and  Chlorine, — When  antimony  in  pow- 
der is  thrown  into  a  jar  of  chlorine  gas,  it  takes  fire  and  the 
protO'Chloride  of  antimony  is  formed.  It  may  also  be  produced 
by  the  distillation  of  one  part  of  powdered  antimony  with  two 
and  a  half  of  bi-chloride  of  mercury  (corrosive  sublimate.) 
This  chloride  is  a  soft  solid  at  common  temperatures,' but  be- 
comes liquid  by  a  gentle  heat,  and  crystallizes  as  it  cools,  it 
is  the  butter  of  antimony  of  old  writers.  It  deliquesces  by 
exposure  to  air ;  and  is  a  powerful  caustic.  When  water  is 
added  to  it  a  precipitate  falls,  formerly  called  Als^arottVs  pow- 
der ^  or  mercurius  vitssy  which  is  a  submuriate  of  the  protoxide. 

The  chloride  of  antimony  consists  of  one  atom  of  each  con- 
stituent. 

1396.  The  bi-chloride  is  generated  by  passing  dry  chlorine 
gas  over  heatec^metallic  antimony.  It  is  a  transparent  volatile 
liquid,  which  emits  fumes  on  exposure  to  the  air,  mixed  with 


torn 


Ohloridei. 


*  Tho  diaphortUc  antimonf  and  Beioar  Mnuroi  of  old  PhurnmeopaBiap.  consutud  of  tliis  oxidO| 
which,  ootnpared  wiUi  the  protoxide,  n  nearly  inert. 
t  Or  by  projecting  jiowdored  metallic  antimony  into  red-hot  nitre.    H. 
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water  it  is  converted  into  muriatic  acid  and  the  hydrated  per- 
oxide, which  subsides.  It  contains  twice  aa  much  chlorine  as 
the  proto-chloride.* 

1397.  Dr  Thomsont  has  described  another  chloride  of  anti- 
mony, composed  of  1  atom  of  chlorine  and  2  atoms  of  the 
metal.     It  is,  therefore,  a  dichhride^X 

139S.  Nitric  acid  acts  powerfully  on  metallic  antimony,  and  ^^^^ 
if  mixed  with  it  in  nne  powder,  will  sometimes  cause  its 
inflammation.  The  metal  becomes  peroxidized,  and  scarcely  ah 
appreciable  portion  is  retained  in  solution.  As  in  some  other 
cases  of  the  vehement  decomposition  of  nitric  acid,  ammonia  is 
produced,  which  may  be  rendered  sensible  by  pouring  potassa 
on  the  white  magma  that  results.  ,  ' 

1399.  Nitro-muriatic  acid  readily  dissolves  antimony,  akid  —of  nitfo- 
forms  an  orange  coloured  solution,  which  is  decomposed  by  the  "   *^ 
addition  of  water.    Iron  or  zinc  immersed  in  this  solution  throws 

down  a  black  powder,  which,  according  to  Thenard,  is  pyro- 
phoric. 

1400.  Sulphurei  of  Antimony  is  easily  formed  by  fusing  Soi^iuiiit 
the  metal  with  sulphur.  This  artificial  sulphuret,  exactly  re- 
sembles the  native  compound,  which  last  may  be  employed  on 
account  of  its  cheapness,  for  exhibiting  the  properties  of  sul- 
phuret of  antimony.  The  proportions  of  its  ingredients,  aa 
stated,  by  Berzelius,  differ  from  those  assigned  by  Proust,  viz. 

Antimony       .    •     .    79, RS     .     .    .     100,        .     .    .     270 
Sulphur      ....    37,14    .     .     .      37,^5    ...     100 

100. 

Dr  Thomson  makes  it  to  consist  of  44  metal  +  16  sulphur^ 
or  of  100  metal  +  36  sulphur.     H.  2.  77. 

1401.  When  the  native  sulphuret  {crude  antimony)  is  ex- 
posed under  a  muffle  to  a  dull  red  heat,  it  gradually  loses  sul- 
phur and  absorbs  oxygen,  being  converted  into  a  grey  powder, 
which  consists  of  a  mixture  of  protoxide  of  antimony  and  sul- 
phuret. If  the  heat  be  increased,  this  fuses  into  a  transparent 
substance  of  a  yellow  or  brown  colour,  formerly  cM^i  glasa  oj^aitm  of 
antimony.  Its  composition  is  vai*iable  ;  it  generally  contains  "*'"•"^ 
about  85  per  cent,  of  protoxide  and  15  of  sulphuret*  In  that 
which  18  imported  for  pharmaceutical  purposes,  from  Germany 

and  Holland,  there  is  usually  a  portion  of  siliceous  earth,  and  it 
is  sometimes  adulterated  with  the  oxide  of  lead.  This  fraud  is 
easily  detected  by  digesting  the  finely  powdered  glass  in  hot 
nitric  acid,  diluting  the  solution  and  filtering.  The  filtered 
liquor  gives  a  white  precipitate  on  the  addition  of  sulphate  of 
soda  if  lead  were  present. 

During  the  formation  of  glass  of  antimony^  if  the  heat  be 
raised  too  high  the  greater  part  of  the  protoxide  sublimes  in 


*  RnM>,  in  JImn.  Pkil0».  N.  0.  x.  f  Firtt  /Via. 

t  Jadi4e  of  .^ntimowff  b  of  a  dark  red  colour ;  acted  upon  by  water,  it  produces  bydriodie  aeid  and 
otidn  of  antimuiiy< 
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slender  crystalline  needles;  while  another  portion,  if  air  be  not 
excluded,  passes  into  the  state  of  peroxide,  and  undergoes  no 
change  at  a  very  high  temperature. 

1402.  Eight  parts  of  oxide  and  two  of  sulphuret  give  an 
opaque  compound,  of  a  red  colour  inclining  to  yellow  ;  and 
called  crocus  tnetalldrum.  With  eight  parts  of  oxide  and  four 
of  sulphur,  we  obtain  an  opaque  mass  of  a  dark  red  colour, 
called  liver  of  antimony.*     H. 

1403.  When  sulphuret.of  antimony  is  boiled  in  a  solution  of 
potassa,  a  liquid  is  obtained,  from  which  as  it  cools,  an  orange 
coloured  matter,  called  kermes  mineral^  is  deposited  ;  and  on 
subsequently  neutralizing  the  cold  solution  with  an  acid,  aa 
additional  quantity  of  a  similar  substance,  the  Golden  Sulphtt* 
teti  subsides. 

1404.  The  Sesquisu/phuret  of  antimony  is  obtained  by  pass- 
ing sulphuretted  hydrogen  through  a  solution  of  the  deutoxide, 
in  dilute  muriatic  acid 4 

1405.  M.  Rose  formed  the  bisulphurety  consisting  of  1  atom 
of  antimony  and  2  atoms  of  sulphur,  by  the  action  of  sulphu- 
retted hydrogen  on  a  solution  of  the  peroxide. 

1406.  M.  Rose  has  also  demonstrated  that  the  red  antimony 
of  mineralogists  is  a  compound  of  1  atom  of  the  protoxide 
combined  with  2  atoms  of  the  protosulphuret  of  antimony. 
The  pharmaceutic  prefmrations  known  by  the  terms  glasSj 
iiver,  and  crocus  of  antimony,  are  of  a  similar  nature,  though 
less  defrnite  in  composition,  owing  to  the  mode  by  which  they 
are  prepared. 

1407.  When  the  sulphuret  of  antimony  is  detonated  with 
twice  its  weight,  or  upwards,  of  powdered  nitre,  the  sulphur  is 
oxygenated  by  the  oxygen  of  the  nitric  acid;  sulphate  of  potassa 
is  formed,  and  an  oxide  of  antimony  is  obtained,  varying  in  its 
degree  of  oxidation,  with  the  proportion  of  nitre  which  has 
been  employed.  The  oxide  remains,  after  washing  away  the 
sulphate  with  boiling  water.  If  four  times  its  weight  of  nitre 
be  employed,  the  metal  gains  33  per  cent,  of  oxygen;  acquires 
the  characters  of  an  acid ;  and  forms,  with  potassa,  a  crystalliz- 
able  compound,  or  antimoniate.     H.  2.  78. § 

1408.  Phosphate  of  Antimony  has  not  been  formed :  in  the 
U*  S.  Pharmacc^oeia  there  is  a  preparation  called  pulvis  anti- 
monialiSf  formed  by  heating  one  part  of  sulphuret  of  antimony 
with  two  of  hartshorn  shavings.  The  action  of  heat  upon  the 
sulphuret  has  already  been  described.  (1401.)  Its  effect  upon 
the  hartshorn  shavings  is  to  destroy  the  animal  matter,  leaving 
little  else  than  phosphate  of  lime.     So  that  the  pulvis  antimo- 

*  Sulphate  ofjSniiMMny. — Wheoialphuric  tcid  ia  boU(>d  upon  finely-powdered  ftoUmony,  tbe  aaetal 
10  oxidized,  and  ao  acid  tulphate  and  subnJfkaU  of  anlimonf  are  the  resotts.  In  both  these  Mhs  xim 
metal  ia  in  the  atate  of  protoxide. 

t  .^nttflMntt  niphuretum  yreeipitatum.  V •  S.  P.  %  Roae,  in  Jfnm.  PkUoa*  N.  8.  x. 

(  Pkofpkwet  of  JiiUimonf  ia  formed  by  heatiof  tofatfaer  equal  parta  of  oxide  of  AatimoDy,  phoB> 
phoric  ackl,  and  charcoal.    It  ia  white  and  brittle. 
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nialis  consists  essentially  of  protoxide  of  antimony,  mixed  with 
phosphate  of  lime.    This  preparation  is  usually  considered  aaai- 
agous  to,  if  not  identical  with,  James*  Powder^  which,  accord-  JjJ^'**^ 
ing  to  Dr  Pearson's  analysis,*  consists  of  43  phosphate  of  lime, 
and  6Q  oxide  of  antimony .t 

1409.  In  examining  Antimonial  Powder  from  various  sources,  HrBnode's 
prepared  according  to  the  directions  of  the  PAarwaccjpaia,  "!>«»»•»• 
Mr  Brande  has  found  it  of  very  variable  composition.  For 
medical  use,  one  of  the  best  modes  of  preparing  it  would  be  to  ^*^,fg^'S! 
dissolve  certain  proportions  of  protoxide  of  antimony  and  phos-  niMuaippv- 
phate  of  lime  in  muriatic  acid,  precipitate  by  ammonia,  and 
edulcorate  with  a  large  quantity  of  water.   Mr  Chenevix  advises 

for  this  purpose  equal  parts  of  the  oxide  and  phosphate,  but  such 
proportion  of  antimony  Ls  too  great :  Mr  Brande  has  made  a 
useful  Antimonial  Powder  by  dissolving  200  grains  of  bone- 
earth  and  100  of  protoxide  of  antimony  in  a  measured  ounce 
and  a  half  of  muriatic  acid,  and  pouring  the  solution  into  a  weak 
solution  of  ammonia ;  the  precipitate,  when  washed,  dried,  and 
reduced  to  a  fine  powder,  weighed  280  grains.^ 

1410.  The  solutions  of  antimony  afford  orange-coloured  pre- 
cipitates with  sulphuretted  hydrogen,  and  those  which  are  acid 
are  precipitated  when  largely,  diluted  with  water. 

1411.  Antimony   forms  brittle   alloys  with  the  malleabl^ii^oyB. 
metals.     When  gold  was  alloyed  with  y^^  its  weight  of  anti*-^^ 
mony,  the  compound  was  perfectly  brittle;  and  even  the  fumea  ^ 
of  antimony  ia  the  vicinity  of  melted  gold  are  sufficient  to  de-'  ' 
stroy  its  ductility. §    With  potassium  and  sodium  it  forms  white 
brittle  compounds,  destructible  by  the  action  of  air  and  water. 

Its  alloys  with  manganese  and  with  zinc  have  not  been 
.examined. 

Alloyed  with  lead  in  the  proportion  of  1  to  16,  and  a  small. Typtmetai. 
add ition^of  copper,  antimony  forms  the  alloy  used  tor  printers* 
types.  With  lead  only,  a  white  and  rather  brittle  compound  is 
formed,  used  for  the  plates  upon  which  music  is  engraved. 
With  iron  it  forms  a  hard  whitish  alloy,  formerly  called  martial 
reguluSf  which  may  be  obtained  by  fusing  two  parts  of  sulphu- 
''ret  of  antimony  with  one  of  iron  filings;  a  scoria  consisting 

♦  PkU.  Trans.  1T91. 

t  Different  formule  have  beeo  given  for  imitating  Janus*  Powder^  the  real  receipt  having  been  ato- 
dioualj  coticeaJed  and  a  false  one  published  in  its  stead ;  that  of  Dr  Pearson  fumiahoa  a  mere  mixture 
of  oxide  of  antimony  wiUi  phosphate  of  lime  Dr  Ure  has  given  a  copy  of  the  original  speeiflcatioa 
lodge<l  in  Chancery-    See  Ure^s  Dictionary^  p  175. 

X  The  foUowiiig  motliod  furnishes,  in  the  dry  way,  a  tolerably  uniform  Antimonial  powder :  Bora 
two  pounds  of  hartahorn  to  a  cinder,  reduce  it  to  powder,  and  heat  it  to  a  doll  redncM  in  an  iron  pot : 
then  gradually  stir  inio  it  one  pound  of  povvdeied  sulphuret  of  aotiroooy,  added  in  su^iceasive  portSoMy 
and  continue  the  same  heat  as  long  as  fumes  arise ;  when  those  c^ase  the  mixture  will  have  a  dirty 
grey  colour,  and  during  the  operation  small  crystals  of  protoxide  of  antimony  will  be  seen  to  eolleet 
upon  its  surface  when  a  portion  is  taken  out  in  an  iron  sjioon.  In  this  grey  state  it  shoold  be  pat  into 
a  crucible  and  heated  to  intense  redneii ;  a  phosphorescent  light  of  a  greeniah  lint  ii  soon  perceived, 
and  when  this  oeases  the  crucible  may  be  removed  from  the  fire,  and  hs  eontenta  wbea  eold  ladacad 
to  a  Sue  powderi  which  should  bo  perfectly  white. 

)  tiatchett.  Phil.  Trans.  1803. 
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chiefly  of  sulphuret  of  iroQ  is  formed,  and  the  fused  alloy 
beneath  usually  presents  a  stellated  appearance  in  consequence 
of  its  crystallization.  This  star  was  much  admired  by  the  alchy- 
mists,  who  considered  it  a  mysterious  guide  to  transmutation. 
With  tin,  antimony  constitutes  a  kind  of  petoier^  a  term,  how- 
ever, which  has  also  been  applied  to  some  other  alloys,  espe- 
cially that  of  lead  and  tin.  The  finest  pewter  consists  of  about 
12  parts  of  tin  and  1  of  antimony,  with  a  small  addition  of 
copper.  A  good  white  metal,  used  for  teapots,  is  composed 
of  100  tin»  8  antimony,  2  bismuth,  and  2  copper.* 


Section  XVIII.    Bismuth. 

Nfttire.  1412.  This  metal  is  found  native;  combined  with  oxygen; 

and  with  arsenic  and  sulphur.  Native  Bismuth  occurs  crystal- 
lized in  octo^dra  and  cubes,  and  in  addition  to  arsenic  generally 
contains  cobalt. 

FroiMTtiM.  1413.  Bismuth  has  a  reddish  white  colour,  and  is  composed 
of  broad  brilliant  plates  adhering  to  each  other.  Its  specific 
gravity  is  9,lB22,  but  is  increased  by  hammering.  It  breaks, 
:-  however,  under  the  hammer,  and  hence  cannot  be  considered  as 
'^  malleable ;  nor  can  it  be  drawn  out  into  wire.  The  bismuth  of 
commerce  is  not  quite  pure.  To  purify  it,  Dr  Thomson  dis- 
solved it  in  nitric  acid,  decomposed  the  nitrate  by  water,  edul- 
corated the  oxide,  and  reduced  it  to  a  metallic  state  by  heating 
it  in  a  covered  crucible  with  black  flux.t 

1414.  Bismuth  is  one  of  the  most  fusible  metals,  melting  at 
476^  Fahrenheit;  and  it  forms  more  readily  than  most  other 
metals,  distinct  crystals  by  slow  cooling. 

*  The  aDalfiit  of  an  aHoj  of  tin,  load,  copper,  and  antimony,  may  be  thus  performod :  introdoco 
100  grains  into  a  matriee  with  a  wide  month,  and  pour  npon  it  one  ounce  of  water  and  3  of  nitric 
•rid ;  difeat  and  eraporate  to  dryneaa.  The  dry  maai  will  eomiot  of  the  aitram  of  land  and  copper, 
mliieh  aie  aohible*  and  may  be  taken  op  by  two  onncea  of  hot  weter,  and  of  the  peroxidaa  of 'tin  kA 
antimony,  which  are  inaolubie,  and  remain  upon  the  filter.  < 

To  the  toloUon  of  the  nitrates  add  sulphate  of  so<Ia,  which  throws  down  solphateof  lead,  and 
which  is  to  be  eoUeeted  in  e  filler,  washed,  dried  at  a  red  heat,  and  weighed.  (1258.)  The  Altered 
liquor  may  be  erapormted  to  abont  two  ouncee  in  bulk,  and  having  rendered  it  slightly  acid  by  dilute 
aolphoric  acid,  immerse  in  it  a  plate  of  iron,  which  will  throw  down  metallic  copper,  to  be  purified  if 
saqnisite,  (15ES9,)  dried  and  weighed. 

The  aaparation  of  the  peroxides  of  tin  and  antimony  u  attended  with  many  difficultiea ;  It  may  be 
imperfectly  efircted  by  splotion  in  nitro-ouriatic  acid,  end  subsequent  dilution  with  a  large  qi.antitT 
of  water,  which  throws  down  the  aotimonial  oxide,  not  however  pure,  but  with  a  portion  of  peroxide 
of  tin :  the  latter,  retaining  a  little  peroxide  of  antimony,  may  be  procured  bj  evaporation  and  expo- 
aore  of  the  residue  to  a  dull  red  heat  in  a  porcelain  cup. 

In  analyxiM  compounds  of  tin  and  antimony,  it  is  necessary  first  to  mnke  an  alloy,  in  which  the 
Wktiinony  aha^  not  exceed  the  proportion  of  JL.4i  part,  for  then,  coneentratod*mttriattc  acid,  by  di- 
geatioD  with  this  alloy,  disaolvea  the  tin,  and  leavea  the  antimony  untouched  ;  but  if  more  than  ^'^th 
part  of  antimony  enters  into  the  combination,  the  tin  acquires  the  insolubility  of  that  metal  in  muri- 
ntie  aeid.  H.  9l  74.  For  a  vaJuable  paper,  by  Dr  Ti|tner,  on  the  delcctiou  of  antimony  in  mixed 
Sttids,  see  Brew8ter*s  Jintr.  xt. 

tAaa-ef  FhiLN.S.ii.lSB. 
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It  may  be  obtained  in  regular  crystals,  by  fusing  a  quantity  ProeewiWr 
of  it  in  a  crucible,  and  allowing  it  to  cuoi  till  a  crust  Ts  formed  Ir^iSl!^ 
on  the  surface,  the  extremity  of  the  crucible  may  then  be  broken 
off,  and  the  fluid  metal  beneath  be  allowed  to  escape.     The 
under  surface  of  the  crust  will  be  found  beautifully  crystallized. 

1415.  When  bismuth  is  exposed  to  heat  and  air  it  oxidizes,  Ozido. 
forming  a  fusible  white  oxide.  If  the  heat  be  increased  by 
directing  a  current  of  oxygen  upon  tiie  metal,  it  burns  with 
much  brilliancy,  and  produces  an  abundant  yellow  smoke, 
which  condenses  in  the  form  of  a  yellowish  white  sublimate. 
When  in  fusion  this  oxide  acts  upon  other  oxides  much  in  the 

.  same  way  as  oxide  of  lead.  According  to  the  experiments  of 
Dr  J.  Davy*  it  is  composed  of  72  parts  of  bismuth  and  8  oxy- 
gen, and  72  is  the  atomic  weight  of  the  metal,  and  80  of  its 
ox:ide.  This  result  is  confirmed  by  the  researches  of  Dr  Thom- 
son.t  This  oxide  occurs,  though  very  rarely,  native  :  it  has 
been  found  in  Cornwall  and  Saxony.     H.  ' 

1416.  Chloride  of  Bismuth  is  procured  by  heating  the  ^^*'*»"^- 
metal  in  the  gas,  or  by  evaporating  the  muriate  to  dryness,  and 
submitting  the  residue  to  distillation,  when  the  chloride  sub* 
limes,  and  afterwards  deliquesces  into  what  was  called  butter  of 
bismuth.  A  similar  product  is  obtained  by  introducing  finely 
divided  bismuth  into  chlorine  gas,  when  the  metal  takes  fire  and  ^  ^ 
burns  with  a  pale  blue  light.  This  compound  is  the  only 
known  chloride  of  bismuth. 

1417.  It  was  analyzed  by  Dr  Davy,  and  found  to  contain 

BUmnth 66,4 00 

Chlorine 33,6 60,6 

100. 

From  this  analysis,  the  equivalent  of  bismuth,  also,  appears 
very  nearly  to  agree  with  the  number  derived  from  the  sy the- 
sis! of  the  oxide.     H. 

1418.  Nitrate  of  Bismuth. — Nitric  acid  dissolves  bismuth  Nitrat*. 
with  great  rapidity.     To  one  part  and  a  half  of  nitric  acid,  add, 

at  distant  intervals,  one  of  bismuth,  broken  into  small  pieces. 
,   The  solution  is  crystallizable  in  small  four-sided  prisms. 

1419.  The  nitrate  of  bismuth  consists  of  1  proportion  of 
oxide,  +  I  of  acid,  and  3  of  water. 

1420.  Nitrate  6f  Bismuth  is  decomposed   by  water,  and  the 
oxide  of  bismuth  is  thrown  down  in  the  form  of  a  fine  white 
powder,  called  magistery  of  Bismuth^  pearl  while,  or  blanc  peari  white. 
defard.     In  this  state  it  has  been  used  in  medicine  as  a  tonic. § 

•  Phil.  TranM.  1812.  t  Firn*.  Prin.  vol.  i. 

X  Udidt  of  Bism-utk^  obtamod  by  heatinf  iodine  with  the  metal,  ig  of  an  orRDge  eoloor,  and  inaolu- 
ble  in  water.  When  hydriodic  acid  or  hydriodato  of  potaiaa  la  added  tn  nitrate  of  binnutb|  a  precipi- 
tate fall*  of  a  deep  chocolate- brown  colour,  inaoluble  in  wator  buf  aolnble  in  liquid  potuvan. 

$  Quarterly  Jowmaly  iii.  995.  If  a  smaU  portion  of  muriatic  acid  be  mixed  with  the  nitric,  and  the 
precipitate  oxide  be  waahed  witli  but  a  amall  quantity  ofcuid  Hater,  it  will  appear  in  minute  acalus, 
eouAtitutiog  the  ptarlrpeuder  of  perfumera.  Theae  painta  are  liable  lo  be  turned  black  by  sulphuretted 
hydrogen. 

According  to  Mr  R.  Phillipa  a  aolntion  of  biamuth,  ao  dilute  or  ao  acid  (hat  water  oecaatona  no  pre- 
cipitate in  it,  ia  deoompoaod  by  the  addition  of  common  aaJt  or  muriatic  acid.  See  ^»n,  of  PhUot. 
N.  S.  ifi.  331. 
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Birmath 
Salpbur 


86,191 
18,381 

100. 


1421.  If  characters  be  written  on  paper  with  nitrate  of  bis- 
muth they  are  invisible  when  dry,  but  become  white  and  legi- 
ble on  immersion  in  water,  thus  forming  a  white  sympathetic 
ink.  The  same  characters  are  rendered  brown  or  black  by  so-* 
lution  of  sulphuretted  hydrogen. 

1422.  Sulphuret  of  Bismuth, — Bismuth  combines  with  sul- 

fihur,  and  forms  a  bluish  grey  sulphuret,  having  a  metaliic 
ustre,  which  is  also  found  native.  The  primitive  form  of  its 
crystals  is  a  right  rhombic  prism.*  Lagerhjelm  has  analyzed  U^ 
and  found  it  to  consist  of 

...    100    ...    71 

,    •     •     •      S?,5S    •     •     16 

87 1    H.  2.961 

142S.  Sulphate  of  Bismuth. — Sulphuric  acid  acU  when  hot 
and  concentrated,  on  bismuth, and  sulphurous  acid  is  disengaged. 
A  part  of  the  bismuth  is  dissolved;  and  the  remainder  is  chang- 
ed into  an  insoluble  oxide.  It  consists  of  one  proportional 
oxide  and  one  acid.  It  is  a  white  compound,  insoluble  in,  but 
decomposed  by  water,  which  converts  it  into  ^suhaulphate  and 
supersulphate.  The  subsulphate  described  by  Berzelius  con- 
sists of  three  proportionals  of  oxide  and  one  acid.§ 

1424.  Bismuth  forms  alloys^  some  of  which  are  remarkable 
for  their  fusibility.  With  gold,  platinum,  and  silver,  it  forms 
brittle  compounds.  A  compound  of  eight  parts  of  bismuth,  five 
of  lead,  and  three  of  tin,  liquefies  at  212^;  it  is  called  Sir  I. 
Newton's  fusible  metaL^  The  addition  of  one  part  of  quick- 
silver renders  it  yet  more  fusible.  Bismuth  enters  into  the 
composition  of  soft  solders.  These  alloys  are  mostly  white, 
brittle,  and  easily  oxidated.lT 


Jhnales  du  Mum^ 


*  Phillips,  in  Ann.  PUU*.  N.  8.  ii.  181. 

t  Tbe  compound  analysed  hj  Vanquelin  appaan  to  have  been  a  HsulpkweU 
•m.    Tom.  zv. 

t  Dr  Thomion  foood  that  9  grains  of  pure  bitmnth  conTerted  into  a  vuljihuret  became  1 1  gn. ;  hence 
the  auJpbiuot  it  coro|ioaed  of 

-  8I,P8    -    -    -    -    or  1  atom    -    -    -    W 

-  18,18    -    -    -    . 


Bismuth    <• 
Sulphur    - 


Ci       It 


100. 


-    -    -    16 
88 


It  b  throtrn  down 


%  HydrotnlpkwetUd  Oxide  sf  Bismuth  it  of  deep  brown  approaching  to  black 
fVom  nitrate  of  bttmuth  by  lalphurotied  hydrogen. 

II  Tbe  alloy  composed  of  lead  310  parti,  tin  194  parte,  and  biemuih  46S  parte,aceording  to  DSbereiner^ 
ig  fusible  at  910^  F.  It  may  be  considered  as  composed  of  1  atom  of  an  alloy  of  bismath  and  lead, 
fusible  at  dXy*fi  or  336^,2  F.  united  to  1  atom  of  an  alloy  of  bismuth  and  tin,  which  fiises  at  9rr>,8, 
or  378,^  F.  When  the  combination  of  these  alloys  takes  place,  it  prixlucoe  cold-  On  mixing  907 
parts  of  lead,  118  of  tin,  284  of  bismuth,  and  16,17  of  mercury  at  the  temperature  of  63^,5  F.  the  ther- 
mometer instantly  descended  to  14«  F.    Jinn,  d*  Ckim.  xxxvi.  334. 

IT  An  alloy  of  bismuth  and  lead  may  he  analyzed  by  dissolving  in  dilute  nitric  acid,  pouring  into  the 
solution  one  of  carbonate  of  ammonia,  which  at  first  precipitates  both  oxides  in  the  state  of  carbuoate; 
and  when  added  in  oxcess,  re-dissolves  the  carbonate  of  bismuth.  The  carbonate  of  lead  is  to  be 
washed  in  the  filter  with  solution  of  carbonate  of  ammonia,  in  order  to  dissolve  any  adhering  carbon- 
ate of  bismuth :  the  washing  is  to  be  finished  with  warm  water,  in  order  to  dissolve  all  the  carbonate 
of  ammonia  os«9d  in  the  washing.  The  alkaline  liquor  cooiaining  the  oxide  of  bismuth,  is  to  be  salnr- 
ated  by  an  acid,  an<1  then  ammonia  is  to  be  added  in  excess ;  all  (be  oxide  of  blsmutb,  is  preci|*itated, 
and  after  wasliing  on  a  filter  is  to  be  dried.    M.  Laugiar,  ia  Jinn.  d§  Ckim,  xxxvl  333* 
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Bismuth  has  the  singular  property  of  depriving  gol6  of  its 
ductility ;  even  when  combined  with  it  in  very  minute  propor* 
tion.  This  effect  is  produced  by  merely  keeping  gold  in  fusion 
near  melted  bismuth.  It  has,  nevertheless^  been  employed  by 
Chaudet  in  cupellation.*      H.  2.  97. 


Section  XIX.     Cobalt. 

1425,  The  native  combinations  of  cobalt  are  the  oxide,  and 
compounds  of  the  metal  with  iron,  nickel,  arsenic,  and  sulphur.  ^'^ 
It  is  also  found  combined  with  arsenic  acid.  According  to 
Stromeyer  it  is  a  constant  ingredient  of  meteoric  iron.  In  the 
white  and  grey  cobalt  ores,  the  metal  is  combined  with  iron, 
and  with  arsenic :  some  of  the  varieties  are  crystallized  in 
cubes,  octoedrons  and  dodecaedrons.  The  red  ore  is  an  arse« 
niate.  The  finest  specimens  are  the  produce  of  Saxony. 
.  1426.  To  obtain  pure  cobalt,  the  cobalt  of  commerce,  in  fine 
powder,  may  be  calcined  with  four  parts  of  nitre,  and  washed  to  obtain 
in  hot  water,  by  which  arsenic  is  separated  :t  then  digest  in  **"" '^***'** 
dilute  nitric  acid,  and  immerse  a  plate  of  iron,  which  will  sep- 
arate the  copper;  filter  and  evaporate  to  dryness;  digest  the  dry 
mass  in  liquid  ammonia  and  filter,  expel  the  excels  of  ammonia 
from  the  filtered  liquor  by  heat,  taking  care  not  to  produce  a 
precipitate,  and  then  add  solution  of  potassa,  which  throws  down 
oxide  of  nickel ;  filter  immediately,  and  boil,  which  will  occa- 
sion the  separation  of  oxide  of  cobalt,  and  which,  ignited  with 
charcoal,  furnishes  the  pure  metal.  In  this  process  the  first 
calcination  with  nitre  often  requires  two  or  three  repetitions  in 
order  to  get  rid  of  the  whole  of  the  arsenic,  which  adheres  to 
cobalt  with  much  obstinacy. j: 

1427.  Metallic  cobalt  may  also  be  obtained  by  dissolving 
zaffre  in  muriatic  acid,  and  transmitting  through  the  solution  a 
current  of  sulphuretted  hydrogen  gas,  until  the  arsenious  acid  is 
completely  separated  in  the  form  of  sulphuret  of  arsenic.  The 
filtered  liquid  is  then  boiled  with  a  little  nitric  acid,  in  order  to 
convert  the  protoxide  into  the  peroxide  of  iron,  and  an  excess 
of  the  carbonate  of  potassa  is  added.  The  precipitate,  consist- 
ing of  the  |;>eroxide  of  iron  and  carbonate  of  cobalt,  after  being 
well  washed  with  water,  is  digested  in  a  solution  of  oxalic  acid, 
which  dissolves  the  iron,  and  leaves  the  cobalt  in  the  form  of  an 
insoluble  oxalate. §  On  heating  the  oxalate  of  cobalt  in  a  retort 
from  which  the  atmospheric  air  is  excluded,  a  large  quantity  of 
carbonic  acid  is  evolved  and  a  black  powder,  metallic  cobalt,  is 

•  Jinn.  4e  Ckim*  et  Pkfs.  vi.  113. 

t  According  to  M.  Bonltay  pulverized  anenleal  cobalt  or«,  in  largv  qnaotity,  is  liable  to  tpootaae- 
•nt  combiMtJon.    Quar,  Jour*  N.  H  iv.  i 

X  For  H.  Woehbr's  melhod  of  wparatinf  anemc  from  eobalttee  Qaor.  Jour*  N.  B.  iii.  909. 
^  Laugier. 


376 


Chloride  of  Cobalt. 


GBAY.  nr 


Pfopwtiac. 


Fn»ii»xide. 


Peroxide. 


<:hl«nde. 


left.*  The  pare  metal  is  easily  procured  also  by  passing  a  cur- 
rent of  dry  hydrogen  ^as  oyer  the  oxide  of  cobalt  heated  to 
redneM  in  a  tube  of  porcelain.     T.  416. 

1428.  Cobalt  has  a  greyish  white  colour,  inclining  to  pink; 
its  specific  gravity  is  8 ;  it  is  brittle  and  easily  reduced  to  pow- 
der, but  is  very  difficultly  fusible.  When  slowly  cooled  after 
fusion  it  may  be  obtained  in  irregular  prisms.  It  is  magnetic 
and  was  found  by  W^nzel  to  be  convertible  into  a  magnet,  hav- 
ing all  the  properties  of  the  magnetic  needle. 

1429.  By  exposure  to  the  atmosphere  cobalt  is  tarnished,  but 
not  oxidized  to  any  extent.  In  an  intense  heat  it  burns  with  a 
red  flame;  but,  if  pure,  it  is  not  easily  oxidized  by  a  moderate 
temperature.  Its  oxide,  formed  by  long  exposure  to  a  strong 
heat  with  access  of  air,  is  of  a  deep  blue,  approaching  to  black. 
This,  from  the  experiments  of  Thenard,  appears  to  be  the  pro- 
toxide, which  may  be  obtained,  also,  by  precipitating  the  nitrate 
of  cobalt  with  potassa.  The  precipitate,  which  at  first  is  a 
bright  blue  hydrate,  becomes  when  dry  of  so  dark  a  blue  as  to 
appear  black.  It  dissolves  readily  in  muriatic  acid,  giving  a 
solution  which  is  green  when  concentrated,  and  red  when 
diluted.  Its  solutions  in  sulphuric  and  nitric  acids  are  always 
red.     H.  2.  87. 

1430.  By  exposure  to  heat  and  air  the  protoxide  absorbs  an 
additional  portion  of  oxygen  and  is  converted  into  black  perox- 
ide.   All  the  salts  of  cobalt  contain  the  protoxide. 

1431.  The  black  or  peroxide^  heated  for  half  an  hour  at  the 
bottom  of  a  crucible,  loses  a  paft  of  its  oxygen,  and  is  reduced 
to  the  state  of  protoxide.     The  protoxide  is  composed, 

Metal  OjcjrfBfl 

According  to  Proas t,  of  83,5  .    •    .     16,5    .    .    . 

Rolboff,     79,56      •     .    «1,44       .    , 

Thomson, 100 

I  Brande, lOO 


And  peroxide  of  cobalt  oofisistf, 

Molal 
According  to  Proust,  of  75    . 
Rolhoff,      71     . 


Oxygm 
.     25 
.     S9 


Metal 

too   . 

100    . 

OxTgm 
•     .     19,8 

100    . 

.     .    28.5 

100    . 

.     .     114,7 

M#»tal 
100 

Ozjrgcn 
.     .     33,25 

100     . 

.     .     40,85 

Rolhoff  ascertained  that  100  part^  of  peroxirle  of  cobalt,  exposed  to  a  strong 
beat,  lose  from  9,5  to  9,9^  TakiDK  the  ineen  9,7,  we  hare  100  of  the  |ieroxid« 
composed  of  9,7  ozjrgen -^  90,3  protoxide,  the  oxygett  in  which,  accordtog  to 
the  saue  authority,  is  19,3.  Therefore  9,7  ^  19,3  =  29,  is  (he  oxyj^eii  in  100 
of  the  peroxide;  or  100  of  the  metal  coiidtn«c  40,85  oxygen.  Henct*  the  pro- 
toxide contains  1  j  times  as  noch  oxjtreii  as  the  |n-otoxide.  For  27,3 -f-  li=s 
40,95  very  nearly.  If  then  the  protoxi'te  rnnsi«tp  of  1  atom  mctt?  -\-  1  of  oxyren, 
the  equivalent  nuonber  for  cobalt  will  he  30  (strictly  29,304) ;  for  tbe  protoxide, 
38,  and  for  tbe  peroxide  42.     H.  2.  8.i. 

1438.  Cobalt  burns  when  heated  in  chlorine;  and  (orms chlo- 
ride of  cobalt.  Mr  Brande  from  the  analysis  of  the  chloride 
infers  that  100  of  chlorine  unite  with  91.1  of  cobalt ;  but  this 
would  give  for  the  equivalent  of  that  metal  a  higher  number 
32,54  than  thatdeducible  from  the  composition  of  the  oxide.  H. 


*  Thornton,  iu  Ann,  of  PkU,  N.  S.  i. 


t  Ann.  PkU.  Hi.  35C 
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1439.  Muriate  ofC^Aalt  is  a  deliqoeMefft  s&lt,  of  a  blue  iimut*. 
green  colour;  it  may  be  formed  by  digesting  either  oxide,  in 
muriatic  adid ;  if  the  peroxide  be  used,  chroriue  is  evolved,  and 
It  passes  t6'  ike  state  of^mtoxide.  When  a  little  diluted,  this 
solution  becomesipmk  ;^lhe  pale  pink  solution,  when  written 
with,  is. scarcely  visible;  but.  if  gentljr  heated,  the  writing 
appears  brilliant  and  green,  which  soon  Vanishes  as  the  paper 
cools,,  in  ooBsequence  of  the  salt  absorbing  the  atrial  moisturel 
This  solotioti  has  been  tefmed  HeUof's^  sympathetic  ink.  It  2i?^*^ 
may  be  prepared  as  follows. 

Ont  part  of  eobalt,  or,  ttiU  better,  ofisfiVe,  nttr  b«  digeited  in  •  sand  heat, 
for  loma  boon,  with  four  parti  af  aitiie  aoid.  To  the  solatien,  add  ooe  part 
of  muriate  of  soda;  and  dilute  with  f^vr  parti  of  water.  Charaotert' written 
With  this  solution  are  illesible  when  cold ;  but  when  a  fcent]e  heat  is  applied, 
the  J  aisnme  a  beaatiAil  blue  or  i^een  colour.  This  experimeut  is  rendered 
BQce  amnsing  by  drawiof  the  tnink  and  branches  of  a  tree  in  the  ordinary 
manner;  and  tracing  the  leaves  with  a  solution  of  eobalt.  The  tree  appeara 
leafless,  till  the  paper  b  heated,  when  it  sodd^ nl/  becovies  covered  with  beaa- 
tifol  foliage.  The  addition  of  a  little  nitrate  of  copper  to  the  solution  forms  a 
ijnpatbetio  ink,  which  by  heat  gives  a  rich  greenish  yellow  colour.  When  a 
small  quantity  of  ranriate  of  loda,  of  sugnesia,  or  of  lime,  is  added  to  the  ink, 
its  traces  disappear  very  speedily  on  removal  from  the  6re,  showing  that  the 
vivid  green,  blue  or  yellow  colour  is  owing  t9  the  concentration  of  the  saline 
traces  by  lieat,  and  their  disappearance,  to  the  re-absorption  of  moisture. 
U.340. 

1434.  With  nitric  acid  the  otide  of  cobalt  furnishes  a  red  i^un^ 
f  nitrate  of  cobalt ;  the  crystals  are  small  prisms  of  a  red  colour^ 
eompoaed,  accordihg  to  Dr  Thomson,  of  1  atom  of  acid,  1  of 
protoxide,  and  6  atoms  water.  They  are  deliquescent  in  the  air 
and  decomposable  by  heat,  leaying  a  deep  red  powder.  When 
thrown  into  a  flask  full  of  liquid  potassa,  a  blue  precipitate  is 
formed,  which,  if  the  flask  be  immediately  closed,  passes  to 
Tiolet,  and  afterwards  to  red,  by  becoming  the  hydrate  or 
hydrated  oxide  of  cobalt.  This  compound  is  soluble  in  cold 
carbonate  of  potassa  and  tinges  it  red.  The  oxide  is  not  solu- 
ble in  this  liquid.  The  hydrate  loses  from  20  to  21  per  cent« 
of  water  by  heat,  and  is  reduced  to  protoxide.  Solutions  of 
eobalt  are  precipitated  by  carbonated  alkalies,  at  first  of  a  peach- 
flower  colour,  and  afterwards  of  a  lilac  hue.     H.  2.  89. 

1485.  Ammonia  digested  upon  recently  precipitated  protoxide  f^^^*f 
of  cobalt  slowly  dissolves  it,  and  forms  a  pale  pink  solution^  '"^ 
which  becomes  deeper  colobred  by  exposure  to  air,  in  con- 
sequence of  the  metal  passing  to  the  state  of  peroxide.  The 
ammoniacal  solution  of  the  peroxide  forms  acicular  crystals  of 
a  beautiful  pink  colour. 

1436.  Cobalt  and  Sulphur. — Cobalt  may  be  brought  to  Soipheiits. 
combine  directly  with  sulphur  and  with  phosphorus.     Accord- 
ing to  Proust  the  sulphuret  is  composed  of  cobalt  71,5  sulphur 
£8,5. 

M.  Sitterberg  has  found  that  the  deutoxide  of  cobalt  decom- 
poses sulphuretted  hydrogen  gas  when  cold.  The  sulphuret 
thas  produced  contains  three  atoms  of  sulphur.  Muriatic  acid 
^tssofyes  some  of  the  cobalt  in  it,  and  leaves  another  solphurel 
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of  cobalt  in  the  Ibrm  of  ft  Uack  powder^  which  contains  4  atoms 
of  sulphur  for  1  of  metal.*  The  deuto^ulphuret  may  be  form«* 
ed  by  mixing  finely  divided  oxide  of  cobalt  with  three  times 
its  weight  of  sqlpkur,.  and  heating  to  v»ry  dull  .ftdaess,  until 
no  more  sulphur,  sublimes,  it  consists  of  100  cobalt  +  109 
sulphur.    It  is  redijce^  togrey  protorsulphuret by stK>ng heat.t 

floipbatt.  .  1437.  Sulphaie  qf  Poialf.^-r^vilfi^ric  Mid  does  not  attack 
cobalt  unless  when  icopce^trated  and.tiealed;.  nor  does  it  readily 
cidssolve  the  oxide.  .  They  may,<  however,  be  brought  to  com^ 
bine,  and  the  result  Is  a  salt  in  oblique-rhombic  prisms.^ 

When  dried  at  a  t^mtperatyreof  500^,  the  crystals  fall  into  a 
blue  powder,  which'  in  a  bright  heat  fuses  and  givee  out  sul-< 
phurk  acid,  leaving  a  black  oxide.  '  The  blue  powder  is  the 
anhydrous  sulphate  af  cobalt^  perfectly  soluble  in  water,  and 
forming  a  pink  solution ;  it  is  slightly  deliquescent,  and  becomes 
lilac  coloured  by  exposure  to  air.  • 

1438.  Sulphate  of  cobalt  forms  triple  compounds  with  potassa 
and  with  ammonia,  if  it  contain  nickel,  the  crystals  are  of  a 
greenish  tinge,  but  pink  when  the  cobalt  is  pure.§ 

nioiphate.  1439.  Phosphate  of  Cobali  may  be  formed  by  decomposing 
the  muriate  of  cobalt  with'  phosphate  of,  soda ;  it  is  insoluble, 
of  a  lilac  colour,  and  if  mixed  with  eight  parts  of  gelatinous 
alumina  and  heated,  it  produces. a  beaulifirl  blue,  which  may 
sometimes  be  employed  by. painters  as  a  substitute  for  ultrama- 
rine.||  This  salt  was  obtained  by  Dr  Thomson  by  dissolving 
carbonate  of  cobalt  in' phosphoric  acid,  and  mixing  the  solution 
with  alcohol :  a  copious  precipitate  falls,  firhich  was  collected  on 
a  filter,  edulcorated,  first  with  alcohol  and  then  with  water*  It 
was  gelatinous  and  had  a  fine  crimson  colour.  When  dried,  it 
concreted  into  a  hard  dark  red  matter  which  reddened  vegeta- 
\  ble  blues.T  Dr  Thomson  considers  it  as  composed  of  1  atom 
phosphoric  acid,  1  protoxide  of  cobalt,  and  2  of  water. 

Ctrbonate.         1440.  Carbonate  of  Cobalt  is  formed  by  decomposing  the 

nitrate,  muriate,  or  sulphate  of  cobalt  by  carbonate  of  potassa 

'or  soda;  a  reddish  blue  powder  is  precipitated  which  should  be 

washed  thoroughly  with  water.     When  dry,  it  is  a  light  powdeir» 

having  a  light  pink  colour.     It  is  tasteless,  insoluble  in  water, 

and  not  altered  by  exposure  to  the  air.     It  does  not  alter  vege* 

table  blues,  but  dissolves  in  acids  with  efiervescence.     It  consists 

of  1  atom  carbonic  acid,  1  protoxide  of  cobalt  and  1  water.     T» 

1441.  Ferro-cyanate  of  potassa  forms  a  grass  green  precipitate 

in  solutions  of  cobalt. 

^  1443.  Solution  of  borax  produces  a  pink  precipitate  in  solu- 

BoratM        tion  of  muriate  of  cobalt,  which  is  probably  a  borate  cf  cobaU* 


I.  Jow,  iv.  136.  f  Qm^tC-  ^^^^'  '^^  ^*  *▼*  ^^^ 

X  Dr  Thonuon  baa  a]io  deacribed  a  \¥^Myifkau^  comisting  of  8  atoma  acid,  1  of  baae  and  3  atoms 
of  water. 

%  HjfirondpkwretUd  Oxide  of  CobaU  ia  proeipitated  from  the  mnriate  bj  bgrdroanlpham  ^ 
ammoaia,  of  a  black  colour.    Pkospkmret  of  Cobalt  ia  a  white  brittle  compoaad. 

II  POc  a  fall  deecrtption  of  tbe  proceaa  see  Theoaid,  TruUi  de  Chfm*  Ed.  4,  vol.  3d,  p.  146. 

IT  T.  »r«S  J>HM^Itf ,  U.  3«4. 
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1443.  The  salts  of  cobalt  all.  contain  tile  protoxide ;  they  ard  DeeompMU 
decomposed  by  ammonia,  which^  if  added  in  excess,  re-dissolves  Jjf^^" 
the  oxide :  phosphorio,'  carbonic,  arsecifb,  and  oxalic  acids,  pro- 
duce, by  double  decomposition,  insoluble  red  or  lilac~  precipi- 
tates in  these  solutions.  '        .    ! 

1444.  The  alloys  of  cobalt  ore  unimpprtant. 

1445.  The  chief  use  of  cobalt  is  as  a  colouring  material  for  Um. 
porcelain,  earthenware,  and  glass ;  it  is  principally  imported 
from  Crcrmany  in  the  state  of  zaffrt^  and  smalt ^  or  azurt. 

The  colouring  power  of  oxide  of  cobak  on  vitrifiable  mixtures, 
is  greater  perhaps,  tba,n  that  of  any  other  metal.  One  grain 
gives  a  full  blue  to  240  grains  of  glass*     U. 

Zaffre  is  prepared  by  calcining  the  ores  of  cobalt,  by  which  Zaffirt^ 
sulphur  and  arsenic  are  volatilized,  and  an  impure  oxide  of 
cobalt  remains,  whicli  is  mixed.  V^b  about  twice  its  weight 
of  finely  powdered  flints, 

Smali  and  azure  blue  are  made  by  fusing  zafire  with  glass ;  AmI^ 
or  by  calcining  a  mixtirre  of  equa|  parts  of  roasted  cobalt  ore, 
common  potash,  and  ground  flints*     In  this  way  a  blue  glass  is 
formed,  which,  while  hot,  is  dropped  into  water,  and  afterwards 
reduced  to  a  very  fine  ppwder.  ^ 


Sbctiow  XX.     Uraniuni. 
• 

1446.  This  metal  was  discovered  by  Elaproth,  in  1789,  in  a  Diwoveiy. 
mineral  called  pitchblende^  which  contains  uranium  combined 
with  sulphur,  and  according  to  Arfwedson,  arsenic,  cobalt,  and 
zinc*     Prom  this  ore  uranium  may  be  obtained  by  the  follow- 
ing process :  reduce  it  to  powder,  and  expose  it  to  heat  in  a  fj«x»««  ^^i 
muffle  ;  then  digest  m  dilute  nitro-muriatic  acid,  and  precipi-  in«iti. 
tate  by  excess  of  ammonia,  to  retain  oxide  of  copper ;  collect 
a^nd  wash  the  precipitate,  and  dry  it  at  a  heat  approaching  red- 
ness. 

When  exposed  to  a  violent  he(^t  with  a  small  quantity  of 
charcoal  powder,  metallic  uranium  is  obtained. 

M.  Arfwedsoq  has  succeeded  in  reducing  the  protoxide  of  AifWidwn** 
uranium  to  a  metallic  state,  by  passing  a  current  of  dry  hydro- 
gen gas  over  it  while  hot     The  metal  thus  obtained  was  in 
crystals,  having  nearly  the  form  of  regular  octoedrons,  with  a 
strong,  metallic  lustre,  and  a  reddish  brown  colour. 

Its  speci&c  gravity  has  not  been  ascertained  with  precision. 
Bucholz  states  it  as  =  9,0.t 

1447.  Uranium  may  be  exposed  to  the  air  in  ordinary  tem- 
peratures without  alteration,  but  when  heated  it  undergoes^ a 
kind  of  combustion,  and  is  converted  into  a  black  oxide. 

1448.  Uranium  and  Oaygen. — Uranium  unites  with  oxygen  o^om. 
in  two  proportions.     Tlje  composition  of  these  oxides  has  be^a 

•  Mm*  AtU,  Sci.  of  St4ckMHm,  ^SSS.  t  G«liton*i  JonmOt  iv. 
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siiDuteljT  studied*  I^jr  Arfwed(K>n^  aild  ThomflOD.t  Aceordiag 
to  the  last  mentioned  chemist  the  weight  of  an  atom  of  uranium 
U  208,  and  its  oxides  are  thus  composed^ 

Protoxid f08^    8c=$16 

Feroiid«     .    •    .    .    908  —  16  =  224  • 

According  to  the  analysis  of  Arfwedson  216  is  the  atomic 
weight  of  uranium,  apcf  the  oxygen  in  its  two  oxides  is  in  the 
ratio  of  1  to  1,5 :  and  Berzelius  has  arrived  at  a  similar  con- 
clusion. 

1449.  Protoxide  qf  Vranium  is  of  a  dark  green  colour,  and 
is  obtained  by  decdmposing  the  nitrate  of  the  peroxide  by  heat. 
It  is  exceedingly  infusible,  and  bears  any  temperature  hitherto 
tried  without  change.  It  unites  with  acids,  forming  salts  of  a 
green  colour.  It  is  readily  oxidized  by  nitric  acid,  and  yields 
a  yellow  isolution,  which  is  a  nitrate  of  the  protoxide. 

The  protoxide  is  employed  in  the  arts  for  giTiog  a  black 
colour  to  porcelain.    T. 

1450.  Caustic  ammonia  precipitates  the  protoxide  of  uranium 
from  its  solutions  in  brown  flocks  inclining  to  purple,  forming 
a  hydrate;  and  when  this  is  dried,  the  protoxide  generally 
passes  in  great  part  to  the  state  of  peroxide.  Carbonate  of 
ammonia  Uirows  down  from  the  proto-salts  a  light  green  pre- 
cipitate of  proto-car^onate  of  uranium,  which  is  again  dissolved 
by  an  excess  of  the  precipitant.  The  hydrated  protoxide  dis- 
solves very  easily  in  acids,  but  if  digested  for  an  houun  water, 
the  chemically  combined  water  separates ;  the  matter  concretes 
into  a  heavy  powder  of  small  bulk,  and  is  afterwards  acted 
upon  with  great  difficulty  by  acids. 

1451.  Peroxide  of  Uranium  performs  the  double  function 
of  an  acid  and  a  base,  and  has  so  strong  a  tendency  to  enter 
into  combination  with  other  oxidized  bodies,  that  it  has  not  yet 
been  obtained  in  an  insulated  state.  If,  for  instance,  we  pre- 
cipitate a  solution  of  this  oxide  in  nitric  or  muriatic  acid  by 
caustic  ammonia,  the  precipitate  is  a  combination  of  peroxide 
of  uranium  with  ammonia  an4  water,  not  decomposable  by  wash- 
ing. It  has  probably  a  lemon  colour,  for  this  is  the  colour  by 
which  most  of  its  salts  are  distinguished.     H»  2.  81. 

1452.  This  metal  is.most  soluble  in  nitric  add.  The  Nitrate 
forms  prismatic,  brownish  yellow  crystals,  which  have  a  peculiar 
irridescent  appearance,  are  deliquescent,  and  are  constituted 
according  to  Bucholz.]:  of  61  base,  +  2S  acid  +  14  water.§ 

1453.  The  salts  of*  uranium  have  a  yellow  colour  and  an 
S^[,2am!!'' *^'  astringent  metallic  taste.    Potassa  forms  in  their  solutions  a 


Chtfaetcrif- 
tiMofuUtfof 


•  Aw^  tf  Phao$.  N.  8.  vii.  t  f^H  Prin,  ii.  t  G«U«i*t  Jmt.  ir. 

^  SubnUrate  «f  ETraniuM,  apoa  the  authority  of  Bacbolx,  ii  fbtnod  by  heatinf  thft  oitmte,  which 
l«Dden  a  part  insoluble  in  water,  and  aeparatea  in  the  fonn  of  a  yellow  powder. 

Uranium  according  to  Berseliua  has  a  very  weak  aiBnity  for  solphnr.  atUykuret  tf  Urtmium 
•xists  natiVe.    Neither  the  HfpondpkiU  nor  fiaijiMte  #/  VraoKhtm  have  been  examined. 

SulphaU  »f  UroMinm  forms  yellow  prismatic  crystals,  dcftompoaable  by  heat,  aod  aceoidias  !• 
the  aoalyais  of  Bocholz,  confistiDg  of  70  oxide,  IS  acid  and  IS  water. 
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yellow  precipitate^  and  carboDate  of  potaasa  a  white  precipitate ; 
both  these  precipitates  are  iasoluble  in  excess  of  pure  alkali,  but 
dissolve  io  the  carbonate.*  Ferro-cyanate  of  pot'assa  produces 
a  rich  brown  precipitate  in  solutions  of  uranium^  which  is  very 
characteristic. 

1454.  Among  the  native  compounds  of  uranium^  the  green 
uran  mica  appears^  from  the  experiments  (f  Mr  R.  Phillips,  to 
consist  of  phosphoric  acid,  peroxide  of  uraniuni,  oxide  oi  cop* 
per,  and  water;  and  the  yellow,  from  the  analysis  of  Berzelius, 
of  similar  ingredients,  with  the  substitution  of  phosphate  of 
lime  for  phosphate  of  copper.  The  first  may  be  considered  as  a 
double  sesqui-phosphate  of  uranium  and  copper,  and  the  second 
of  uranium  and  lime.  A  native  proto-sulphate  of  uranium  in 
beautiful  emerald  green  crystals  haa  been  also  discovered,  and  ^ 
a  sub-persulphate,  forming  an  intense  sulphur  yellow^oating 
ever  the  surface  of  the  minerals  on  which  it  is  found.    H« 


SxcTioR  XXI.     Titanium. 

1455.  Titanium,  in  the  metallic  state,  was  discovered  by  Dr  DueoT^  of 
WoUaston,  in  1822,  in  the  slag  at  the  bottom  of  the  iron  smelting-  2^""  ^^ 
furnace  at  Merthyr  Tydvil  in  South  Wa1es.t  It  is  found  also 
in  octo^dral  iron  from  Corsica,  and  in  the  8pecu]ar  iron  ore 
of  Elba.  It  has  been  since  found  in  several  other  places  in 
Europe.  It  has  the  form  of  small  smooth  cubes,  having  a  red 
colour,  exceedingly  similar  to  that  of  copper.  The  cubes  are 
hard  enough  to  scratch  rock  crystal,  and  cannot  be  fused  by 
the  highest  temperature  which  can  be  raised  by  the  blow-pipe. 
The  specific  gravity,  as  determined  by  Dr  Wollaston,  is  5,34 
From  the  situation  in  which  this  metallic  tifanium  has  been 
found,  we  may  infer  that  it  does  not  combine  with  iron,  and  Dr 
WoUastop  tried  in  vain  to  unite  it  with  lead,  tin,  silver  and  / 

copper.  It  does  not  appear,  however,  to  be  absolutely  free 
from  iron ;  Dr  Wollaston  found  that  when  suspended  by  a  fine 
thread  a  magnet  drew  it  about  20  degrees  from  the  perpendicu- 
lar. He  succeeded  in  detecting  the  presence  of  iron  in  it,  and 
calculated  the  amount  of  that  metal  at  ;|vth  part  of  the  weight 
of  the  titanium.§ 

r450.  Titanium  is  susceptible  of  two  degrees  of  oxidizement.  ox  das. 
The  Protoxide  is  blue,  and  occurs  native  in  crystals,  called 
anatase.    Little  is  known  of  the  properties  of  this  oxide. 

*  Dr  Thomaoo  found  that  Um  procipiliite  obtaliMd  bf  caustic  soda,  from  t|M  aolation  of  ifao.pernU 
tratei  wu  re-ditaolved  by  an  ozoms  of  the  alkali.    FirBi  Priiu  ii.  & 

t  P1uU9.  Trams.  1833.  , 

.  %  Prom  the  extrano  infuilbility  of  tho  eabot  of  motallic  titanium,  Tt  Wollaatoo  inf«n  that  thoy 
have  not  boon  tbrmed  by  cryiullttation  in  oooUaj  from  a  state  of  fusion ;  but  from  the  redaction  of 
the  oxide  ^sfolvod  in  the  abf  aronnd  them. 

^  PAtf .  Trant.  p.  900.    Thomson's  First  Frindp.  2.  Sa 
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1457.  The  peroxide  is  white,  and  possessing  some  of  the 
properties  of  a  weak  acid,  it  is  called  by  Rose*  titanic  aeidA 
It  exists  nearly  pure  in  titanite  or  rutile.  The  tnenaehanite 
in  which  titanium  was  originally  discovered  by  Mr  Gregor  is  a 
compound  of  the  oxides  of  titanium,  iron  and  manganese.  The 
oxide  is  best  prepared  from  rutile. 
ProMMfer  1458.  The  metal  may  be  obtained  froni  titanite  by  fusion 
SmmmuI'  with  potassa ;  the  fused  mass,  washed  with  water,  leaves  oxide 
of  titanium,  containing  a  little  iron ;  it  is  to  be  dissolved  in 
muriatic  acid,  and  precipitated  by  oxalic  acid.    B. 

1459.  From  meoachanite,  white  oxide  of  titanium  may  be 
obtained  by  fusing  with  potassa,  and  adding  muriatic  acid  to  the 
alkaline  solution. 
Badttotfonof      1460.  The  oxide  of  titanium  fuses,  but  is  not  reduced  by  a 
powerful  galvanic  battery.     It  is  reduced,  however,  by  exposure 
to  an  intense  heat,  moistened  with  oil,  and  surroundeid  by  pow* 
dered  charcoal,  a  blackish  blistered  substance  is  obtained,  some 
.  .  points  of  which  have  a  reddish  colour.    Like  columbic  acid  and 
silica  (which  Rose  considers  as  an  acid)  its  affinities  are  exceed- 
ingly weak.    When  heated  to  redness  it  becomes  yellow,  but . 
'  regains  its  whiteness  on  ctfoling;  it  is  found,  however,  to  have 
become  insoluble  in  acids.     When  precipitated  titanic  acid  is 
*  digested  in  water,  the  liquid  passes  milky  through  several  folds 

of  paper.  Hence  it  cannot  be  collected  on  a  filter,  but  this 
property  is  destroyed  by  an  acid,  an  alkali,  or  a  neutral  salt. 
When  fused  with  potassa  and  dissolved  in  muriatic  acid  it 
gelatinates.  H.  2.  924 
s«iwr«tio»or  1461.  There  is  great  difficulty  in  separating  titanic  acid,  or 
6mn  Uoo!'  peroxldc,  from  oxide  of  iron  ;  the  best  process  appears  to  be  that 
lately  discovered  by  M.  Rose,  which  also  facilitates  the  separa- 
tion of  the  acid  from  its  more  abundant  compounds.§  A  solu* 
tion  of  titanic  acid,  and  oxide  of  iron  being  obtained  in  muriatic 
acid,  if  tartaric  acid  be  added  to  it,  and  the  whole  be  diluted 
with  water,  a  great  excess  of  caustic  ammonia  may  be  added 
withotit  any  precipitation  of  titanic  acid,  or  oxide  of  iron.  If 
to  this  solution  hydrosulphuret  of  ammonia  be  added,  it  exerts 
no  action  on  the  titanic  acid,  but  changes  all  the  oxide  of  iron 
iuto  sulphuret,  which  separates,  perfectly.  This  precipitate  is 
to  be  carefully  washed  with  water,  containing  a  few  drops  of 
hydrosulphuret  of  ammonia,  until  all  the  tartrate  is  removed  : 
it  is  then  to  be  dissolved  in  muriatic  acid,  heated  to  drive  off  the 
sulphuretted  hydrogen,  treated  with  nitric  acid  to  peroxidize 
the  iron,  and  then  precipitated  by  ammonia :  in  tliis  way  the 

•  ^nn,  of  PkiU9.  N.  S.  vi.  390. 

t  Aoeordiof  to  M.  Pwchier,  JInn»  i»  Cktm.  zxvii.  2B1,  litaoioB  foriM  doable  aaJti  with  all  Om 
ftCidtf-    > 

%  The  oxalate  of  titanimn  aiTorda  the  neCal  hj  inteow  Ignitioo  .with  ehareoal,  it  n,  howeivr, 
aearoely  poflaible  to  obtam  it  io  any  atate  or  e^luliaatMrn :  in  aooie  trial*  made  in  the  Royal  Insiitw- 
tioo,  nothing  like  globulea  of  the  metal  eookl  be  procuied,  and  ifae  tniciblea  were  alwaya  fuaed.    B. 

$  Qaartcrff  Jomnult  No.  zxxiz. 
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iroD  is  procured.  The  titanic  acid  may  be  separated  from  the 
solution  (if  it  contain  no  fixed  parts,)  by  evaporating  to  dry* 
nesSf  and  heating  red-hot  in  contact  with  air,  until  all  that  is 
volatile  is  dissipated,  and  the  charcoal  is  burnt  off.  This  is 
best  done  in  a  small  platinum  crucible  in  a  muffle ;  titanic  acid 
remains.* 

1462.  Chloride  of  titanium  was  formed  by  Mr  George,  by  Chiorid*. 
passing  dry  chlorine  over  the  pulverized  ashes  from  the  iron 

slag.  A  fl|^id  condensed  in  tlft  cool  part  of  the  tube  which  was 
transparent,  colourless,  emitted  dense  white  fumes,  and  boiled 
violently  at  a  temperature  little  exceeding  2\%^  P.  on  adding 
a  drop  of  water  to  a  few  drops  of  this  liquid,  an  almost  explo- 
sive disengagement  of  chlorine  ensued  ;  and  when  the  water 
was  not  in  excess,  a  white  salt  was  formed,  the  solution  of  which 
had  all  the  propeities  of  muriate  of  titanium.  There  appears 
from  these  experiments  to  be  two  chlorides,  the  one  consti- 
tuted  of  about  04  titunium  with  36  chlorine,  the  other  with 
72.    H.t 

1463.  Sulphuret  of  Titanium  was  formed  by  Rose,  by  pass-  suipham. 
ing  sulphuret  of  carbon  over  titanic  acid  stroi\gly  heated  in  a 
porcelain  tube.     It  is  qf  a  deep  green  colour,  and,  when*  rubbed 

with  a  hard  substance,  assumes  a  very  strong  metallic  lustre 
like  that  of  brass.  It  becomes  very  hot  when  nitric  acid  is 
poured  upon  it,  nitrous  gas  is  disengaged,  and  titanic  acid  is 
deposited  in  the  state  of  a  fine  powder.  The  analysis  of  the 
bi-sulphuret  by  combustion  gave, 

Titaniam    ....    49,17 
Sulphur      •         .    .    60,83 


100 
And  thai  of  the  titaoic  acid 

Titanium    •    •    .    .    $0^0S 
Oxygen       ....    33,95 


100 

1464.  From  a  review  of  the  experiments  of  Rose  and  his  own  Atomic 
investigations,  Br  Thomson  is  induced  to  consider  48  as  the  ^^^ 
true  atomic  weight  of  titanic  acid,  40  as  thfit  of  the  protoxide, 

and  32  that  of  titanium* :( 

1465.  The  solutions  of  titanium  are  colourless,  and  afford  '^^^' 
white  precipitates  with  the  alkalies ;  ferro-cyanate  of  potassa 
gives  a  precipitate  of  a  red  cblour  inclining  to  orange,  and  infu- 


'*  Tbi>  method  may  be  foDowed  with  m'merala'eontauunf  titanic  acid  combined  with  protoxide  of 
iron,  which  may  be  polTerisad  and  difeolved  in  itrenc  morialic  acid.    Jhm*  d§  CSMn*  xxzjz.  190 

t  Auu  •f  FkUo:  N.  S.  iz,  18. 

The  twfh«waU  of  tiUmiuM  dltioWea  in  moHatie,  nitik,  and  aollllinxic  acidi,  and  pboapherie  add 
oecaaione  a  white  predpitale  in  theie  sdlotiona.  Neither  th#  aniria<«,  niirte^  nor  $ii^kaU  nre  erye- 
tallixahle.  The  eolation  of  the  mnnate  ia  apeedily  deoeaapoeed  by  expoeiire  to  light,  and  a«^iile  pve- 
eipitate  of  oxide  is  fonn*^  in.it 

When  the  native  ozidci  of  titanium  are  foaed  with  carbonato  of  potona,  al  a  temperature  not  toe 
high,  a  white  eaa^onaie  ^f  titMium  i»  fenned. 

i  Fir$t  Pnn.  ii.  80. 
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sion  of  galls  a  similar  one,  whieb,  if  the  solaiion  be  coneen- 
tratedy  has  the  appearance  of  coagulated  blood.  A  rod  of  tin, 
immersed  in  the  solution,  imparts  to  the  liquid  around  it  a  fine 
red  colour^  and  a  rod  of  zinc,  a  deep  blue  one. 


SscTioN  XXII.     Cerium* 

1466.  This  metal  was  obtained  by  Hisinger  and  Berzelius, 
from  a  mineral  found  at  Bastoas  in  Sweden,  to  which  they  haye 
given  the  name  of  Cerile.*  It  is  also  contained  in^^SUanitef  a 
mineral  from  Greenland,  first  distinguished  as  a  peculiar  species 
by  Mr  Allan,  of  Edinburgh.  It  contains,  according  to  Dr 
Thomson's  analysis,  about  40  per  cent  of  odde  of  cerium. 
Hoir  obteia-  I'he  ore  is  calcined,  pulrerized,  and  digested  in  nitro-muri* 
*^  atic  acid.   To  the  filtered  solution  saturatra  with  potassa,  oxalie 

acid  is  added,  which  occasions  a  precipitate;  this,  when  dried 
and  ignited,  is  oxide  of  cerium. 

This  oxide  is  extremely  difficult  of  reduction.  Mr  Chilclren 
succeeded  in  fusing  it  by  the  aid  of  his  powerful  Voltaic  appa- 
ratus, and  when  intensely  heated  it  burned  with  a  vivid  flame, 
and  was  partly  volatilized. 
Vta<ipeUn*t  1467.  The  attempts  of  Vauquelin  to  reduce  the  oxide  of 
Mponmrats.  ^pj^j^  p]y)duoed  Only  a  small  metallic  globule,  not  larger  than 
a  pin's  bead.  This  globule  was  not  acted  upon  by  any  of  the 
simple  acids ;  but  it  was  dissolved,  though  slowly,  by  nitro-mu- 
riatic  acid.  The  solution  was  reddish,  and  gave  traces  of  iron; 
but  it  also  gave  evident  marks  of  cerium,  by  the  white  precipi- 
tate which  tartrite  of  potassa  and  oxalate  of  ammonia  threw 
down.  The  metallic  globule,  also,  was  harder,  whiter,  much 
more  brittle,  and  more  scaly  in  its  fracture,  than  pure  cast-iron. 
The  oxide  fused  by  Mr  Children's  battery,  on  exposure  for  a 
few  hours  to  the  air,  fell  into  a  light  brown  powder,  containing 
numerous  particles  of  a  silvery  lustre.  Henee  cerium  appears 
to  be  a  volatile  metal,  unless  it  be  volatilized  in  the  state  of  an 
oxide,  which  remains  to  be  decided  by  future  experiments. 
H.  ii.  78. 
oxUflt.  1468.  Cerium  and  Oxygen.    Cerium  unites  with  oxygen  in 

two  proportions,  and  the  composition  of  the  resulting  oxides 
has  been  particularly  studied  by  M.  Hisinger.t  Dr  Thomson 
jias  likewise  made  experiments  on  this  subject,  and  infers  that 
50  is  the  atomic  weight  of  cerium,  and  that  its  oxides  are  thus 
constituted — 

Cerinni.  OxjMa. 

Protoxide     •    ...    50    ...    .      8    =:    68 
Deuloxide    ....    60    ....    12    s=    6S 


*TIm  name  Ceiivm  waa  giir«D  to  thii  mttd  ftwi  tlit  f|ia«t  Clfp«9,  diaC0T««d  tbooitbi 
period.    8MNieholM»B*fJoiir.iii.l06. 
t  .Am.  tfPkO^s*  iv. 
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t 

* 

1469.  The  Protoxide  of  cerium  is  a  white  powder,  which  is  p,otoxid«. 
insoluble  io^water^  and  forms  salts  with  acids,  all  of  which,  if 
Boluble,  have  an  acid  reaction.     It  is  obtained  from   cert7e» 
wUTch,  after  being  calcined  and   pulverized,  is  dissolved  in 
nitro-muriatic  acid ;  (he  solution  is  filtered,   neutralized  with 

Eure  potassa,  and«then  precipitated  by  tartrate  of  potassa,  or  as 
laugier  recommends,  by  oxalic  acid.     This  precipitate,  well 
washed  and  calcined,  is  the  oxide  of  cerium. 

1470.  Th^  Peroxide  of  cerium  is  of  a  fawn  red  colour,  p,,^!^^ 
Muriatic  and  sulphuric  acids  dissolve  it,  and  the  solutions 
afford  yellow  crystals.  Th^  muriate  is  deliquescent ;  the  sul- 
phate difficultly  soluble.  The  sulphate  of  the  protoxide  forms 
white  crystals  of  a  sweet  taste.  Nitric  acid  forms  with  the  pro- 
toxide a  deliquescent  compound,  of  a  sweet  taste.  The  carbon- 
ate is  precipitated  from  these  solutions  in  the  form  of  a  white 
powder.  * 

1471.  Sulphuret  of  Cerium  may  be  prepared  according  to  sniphowt. ' 
Dr  M osander,  in  the  following  manner. 

Carburet  %f  sulphur  is  to  be  passed  in  vapour  over  the  car- 
bonate of  cerium  heated  to  redness ;  the  sulphuret  of  cerium 
produced  is  red,  resembling  minium  in  appearance,  porous, 
light,  not  alterable  either  in  air  or  water.  When  oxide  of  ceri- 
um is  fused  with  sulphuret  of  potassa  in  great  excess,  at  a  white 
heat,  a  sulphuret  is  also  formed,  which  may  be  obtained  sepa- 
rate by  washing.  It  appears  as  small  brilliant  scales  resembling 
mosaic  gold  in  powder,  but,  under  the  microscope,  appearing 
to  be  transparent  and  of  a  yellow  colour.  These  apparently 
different  varieties  of  the  substance  dissolve  readily  in  acids, 
evolving  sulphuretted  hydrogen  gas,  and  yielding  no  residue  of 
sulphur.  The  compound  consists  of  74  parts  of  cerium  and  26 
sulphur.* 

1472.  The  salts  of  cerium  are  either  white  or  yellow,  as  they  saitiof 
contain  either  the  protoxide  or  peroxide.     Their  neutral  solu- 
tions taste  sweet.     Ferro-cyanaie  of  potassa,  and  oxalate  of  am- 
monia, produce  white  precipitates  soluble  in  nitric  and  muriatic 
acids.    Neither  sulphuretted  hydrogen,  nor  gallic  acid,  occasion        ' 
any  precipitate.     B. 

An  infusibn  of  galls  produces,  in  muriate  of  cerium,  a  yel-  TMti^ 
lowish  precipitate  not  very  abundant.     A  few  drops  of  ammo- 
nia throw  down  a  very  voluminous  one  of  a  brown  colour, 
which  becomes  black  and  brilliant,  .by  desiccation.     By  the 
action  of  heat,  it  assumes  a  brick-red  colour.     H.  ii. 


oenam. 
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1473.  Thb  ores  of  tellurium  are,    1.  Native^  in  which  the  6nt» 
ihetal  is  combined  with  iron  and  a  little  gold.     2.  Graphic  ore, 
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ft  compound  of  tellurium,  gold,  and  silver.  3.  Tellaw  are^  ft 
compound  of  tellurium,  gold,  lead,  and  silver;  aiu|  4.  Black 
ore^  consisting  of  the  same  metals,  with  copper  ana  sulphur. 

These  ores  have  been  found  in  the  Transylvania  mines,  in 
Siberia,  and  at  Hunlington  in  the  sUte  of  Connecticut.* 

Tellurium  was  discovered  by  Klaproth,t  in  an  ore  of  gold. 

His  proceit  for  extracting  it  conriBti  in  the  solution  of  the  ore  by  nitro-muriatie 
acid,  dilation  with  water,  and  the  addition  of  pare  poUsta,  which  throws  down 
aU  the  metals  that  are  present ;  and,  when  added  in  excess^  ^-^issolves  a  white 
preciptUte  which  it  at  first  occasions.  To  the  alkaline  solution,  muriatic  acid  it 
then  added ;  a  precipitate  again  appears ;  and  this,  when  dried  and  heated  with 
one-twelfth  its  weight  of  charcoal,  or  with  a  fimaH  quantity  of  oil,  in  a  glast  re- 
tort, yields  telluriam,  in  the  form  of  email  brilliant  metallic  ^rops,  tinitiK  tbe 
upper  part  of  the  bodj  of  the  retort* — One  hundred  parts  of  tbe  ore  yield  abore 
90  of  tellarium.     H.  2.  112. 

1474.  Tellurium  is  of  a  bright  grey  colour,  brittle,  easily 
fusible,  and  very  volatile.     Its  specific  gravity  is  6,1. 

1475.  It  is  oxidized  when  heated  in  contact  with  air ;  and 
bums  with  a  sky-blue  flame,  edged  with  green.  Upon  char- 
coal, before  the  blow-pipe,  it  inflames  with  a  violience  resem- 
bling detonation ;  exhibits  a  vivid  flame ;  and  entirely  flies  off 
in  a  grey  smoke,  having  a  peculiarly  nauseous  smell-t  This 
smoke,  when  condensed,  and  examined  in  quantity,  is  found  to 
be  white  with  a  tint  of  yellow.  It  is  fusible  by  a  strong  heat, 
and  volatile  at  a  still  higher  temperature.  It  not  only  unites  as 
a  base  with  acids,  but  also  itself  possesses  the  character  of  an 
acid,  and  forms  a  class  of  salts,  which  may  be  called  ielluraies* 
It  is  composed,  according  to  Klaproth,  of 

Tellarium 83    .    .    .    100, 

Oxygen        17    .    •    .      S0«5 

100 

Berzelius,  however,  determines  the  quantity  of  oxygen,  ab- 
sorbed by  100  of  tellurium,  when  changed  into  oxide,  to  be 
24,1.  If  this  result  be  correct,  and  the  compound  be  the 
protoxide,  tbe  atom  of  tellurium  should  weigh  32^  and  tbe 
oxide  40.  ^ 

1476.  Tellurium  is  soluble  in  nitric  and  nitro-muriatic  acids. 
The  saturated  solution  is  decomposed  by  the  mere  addition  of 
water,  which  throws  down  a  white  powder;  but  this  is  again 

— efehioriae  dissolvcd  00  adding  more  water.  Chlorine  unites  with  telluri- 
um, and  forms  a  white  semi-transparent  compound,  which  is 
decomposed  when  added  to  water.  It  consists,  according  to 
Sir  H.  Davy,  of  100  tellurium  united  with  90,5  chlorine.  From 
its  solutions  it  is  precipitated  in  a  metallic  form,  by  iron,  zinc, 
tin,  and  even  by  muriate  of  tin.  Carbonated  -and  pure  alkalies 
precipitate  the  telluric  oxi^f  united  with  water,  in  the  form  of 
a  white  hydrate ;  and  the  oxide  is  re-dissolved  by  an  excess  of 
alkali  or  carbonate.     Alkaline  sulphurets  throw  down  a  dark 
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brown  or  blackish  precipitate^  Tincture  of  galls  produces  a 
flocculent  yellow  precipitate.  The  solutions  of  this  metal  in 
acids  are  not  decomposed  by  prussiate  of  potassa ;  a  property 
which  teliurium  possesses  in  common  with  gold,  platinum, 
iridium,  rhodium,  osmium,  aYid  antimony.     H.  2.  113. 

1477.  It  gives  a  deep  purple  colour  to  sulphuric  acid,  from  —  afiipp,,^. 
which  it  is  thrown  down  in  black  flocculi  by  water;  but  if  the*  ^**^^ 
acid  be  diluted  with  two  or  three  parts  of  water  to  which  a 

little  nitric  acid  has  been  added,  a  large  portion  of  the  metal 
is  dissolved,  and  the  solution  is  npt  decomposed  by  water. 
U.  742. 

1478.  Tellurium  forms  two  distinct  compounds  with  hydro-  unioBwit^ 
gen,  the  one  of  which  is  solid,  and  the  other  gaseous.     1st.  By  >*jdioiw^ 
making  tellurium  the  negative  surface  in  water,  in  the  galvanic 
circuit,  a  brown  powder  is  formed,  which  is  a  solid  hydruret 

qf  tellurium.  Sdly.  By  acting  with  dilute  sulphuric  aci4,upoa 
•  the  alloy  of  tellurium  and  potassium  (which  may  be  obtained 
by  heating  a  mixture  of  solid  hydrate  of  potassa,  tellurium,  and 
charcoal),  we  obtain  a  peculiar  gas.  This  ga^  has  a  smell 
resembling  that  of  sulphuretted  hydrogen.  It  is  absorbed  by- 
water,  and  a  claret-coloured  solution  results,  which,  by  expo- 
sure  to  the  air,  becomes  brown,  and  deposits  tellurium.  After 
being  washed  with  a  small  quantity  of  water,  it  does  not  affect 
vegetable  blue  colours.  It  burns  with  a  bluish  flame,  depositing' 
oxide  of  tellurium.  It  unites  with  alkalies ;  precipitates  most 
metallic  solutions;  and  is  instantly  decomposed  by  chlorine  gas. 
It  may  be  called  telluretted  hydrogen  gas.  According  to 
Berzelius,  it  is  constituted  of  100  parts  of  tellurium  with  a  little 
less  than  two  parts  of  hydrogen.  It  probably  consists,  Dr 
Thomson  thinks,  of  1  volume  of  tellurium  vapour  and  1  vol. 
of  hydrogen  gas  condensed  into  1  vol.     H.  11.  114.  . 

1479.  According  to  Dr  Thomson,  the  specific  gravity  of  tel- 
luretted hydrogen  is  2,916,  and  100  cubical  inches  weigh 
69,895  grains. 

1480.  Telluraie  of  Potassa  may  be  formed  ^y  heating  T«Oantt«jr 
oxide  of  tellurium  with  nitre,  and  dissolving  the  residuum  in  ^'^^^ 
boiling  water,  which,  on  cooling,  deposits  an  imperfectly  crys- 
tallized white  powder,  difficultly  soluble  in  water. 

14S1.  Solution  of  tellurate  of  potassa,  added  to  solutions  of 
lime,  baryta,  strontia,  copper,  and  lead,  forms  insoluble  tellu- 
rates  of  the  oxides  of  those  metals. 
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14S2.  Arsbitic,  as  it  is  found  tinder  that  name  in  the  shops,  T««iitiS^ 
is  not  a  metal,  but  a  white  oxide^  from  which  the  metal  may  be  ^!SmStf 
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obtained  by  mixing  it  with  half  its  weight  of  black  flux,*  and 
introducing  the  mixture  into  a  Florence  flask,  placed  in  a  sand 
bathy  gradually  raised  to  a  red  heat ;  a  brilliant  metallic  subli- 
mate of  pure  afsenic  collects  in  the  upper  part  of  the  flask*  The 
volatility  of  white  arsenic  prevents  its  easy  reduction  by  char- 
coal alone ;  but  the  potassa  in  the  flux  enables  it  to  acquire  a 
temperature  sufficient  for  its  perfect  reduction. 

CbsneiM.  1483.  Arsenic  is  of  a  steel  blue  colour,  quite  brittle,  and  of  a 
specific  gravity  =  S^d.  It  readily  fuses,  and  in  close  vessels 
may  be  distilled  at  a  temperature  of  360°,  which  is  lower  than 
its  fusing  point  Its  vapogr  has  a  very  strong  smell,  resembling 
that  of  garlic.  Heated  in  the  air  it  easily  takes  fire,  burns  with 
a  blue  flame,  and  produces  copious  white  fumes  of  oxide.  Ex- 
posed to  a  moist  air  it  gradually  becomes  incrusted  with  a  grey 
powder,  which  is  an  imperfect  oxide.  This  metal  and  all  its 
compotvids  are  virulent  poisons. 

1484.  Native  arsenic  usually  occurs  in  rounded  masses,  or 
nodules,  of  a  foliated  lamellar  texture,  in  the  veins  of  primitive 
rocks,  and  is  o^en  associated  with  silver,  cobalt,  lead,  and 
nickel  ores. 

pxidM.  1485.  Jirsenic  and  Oxygen. — There  are  two  definite  com- 

pounds of  arsenic  and  oxygen,  which  «are  both  capable  of  form- 
ing combinations  with  other  metallic  ocides.     They  are  sour 
.  and  soluble  in  water,  and  have  thence  been  properly  termed 
arseniotia  and  arsenic  acids. 

The  arsenious  acid,  or,  as  it  is  commonly  called,  white  arse- 
nic^ or  white  oxide  of  arsenicj  is  the  best  known,  and  most 
commonly  occurring  compound  of  this  metal ;  and  as  oases  of 
poisoning  by  it  are  frequent,  every  person  should  be  well 
acquainted  with  its  characteristic  properties. 

1486.  Arseilious  acid  may  easily  be  procured  by  the  combus- 
tion of  the  metal ;  but  as  it  is  formed  during  certain  metailur- 
gic  processes,  that  mode  is  rarely  resorted  to.  It  is  abundantly 
prepared  at  Joachimsthal  in  Bohemia,  from  arsenical  cobalt  ores, 
which  are  roasted  in  reverberatory  furnaces,  and  the  vapours 
condensed  in  a  long  chimney,  the  contents  of  which,  submit- 
ted to  a  second  sublimation,  afibfd  the  white  arsenic  of  com- 
,  merce. 

rropertiet.  1487.  Arsonious  acid  is  whito,  semi-transparent,  brittle,  and 
of  a  vitreous  fraoture.  Its  specific  gravity  is  3,7.  Its  taste  has 
been  usually  described  as  acrid,  but  from  recent  experimentst 
it  appears  that  this  is  incorrect.  It  is  virulently  poisonous, 
producing  irtflammation  and  gangrene  of  the  stomach  and  intes- 

•  tines ;  it  also  proves  fatal  when  applied  to  a  wound ;  and  as^e 

local  injury  is  in  neither^  case  sufficient  to  cause  death,  u  is 


Row  obtain* 


Bluck  fluK  *  1*b's  i'  *i*  ftztnnely  oseAil  compound  for  eflbetinf  Um  redaction  of  mtny  of  tbo  oMtaHic  ozUii. 

It  eoniiiti  of  charcoal  and  tubeai-bonate  of  potaMa,  and  ia  beat  fNropared  by  deflafrmtiQf  in  n  eiucible 
a  miKlnre  of  one  part  of  nitra  and  two  of  powderad  tartv.    The  muctura  renaiaa  i*  Aiaiwi  al  t  raS 
beat,  and  thus  aufferi  the  imaU  globulot  of  leduced  metal  to  eoalence  into  a  butlo*- 
t  itiea  Dr  CbriaUaoD*!  •zpeiimeBta.  JEtfm.  PM$;  Jnar,  ay.  310. 
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probable  thnt  an  induced  afiection  ^f  the  nenrous  system  and  of 
the  heart  is  the  cause  of  the  mischief.*  To  get  rid  of  the  poison  - 
by  producing  copious  vomiting  and  purging,  and  to  pursue  the 
usual  means  of  subduing  and  preventing  inflammation,  are  the 
principal  points  of  treatment  to  be  adopted  in  cases  where  this 
poison  has  been  taken.t 

1488.  By  a  slow  sublimation  arsenious  acid  forma  tetraSdral  Action  of 
crystals ;  it  is  volatile  at  380^,  and  has  no  smell  when  perfectly  ^^^^' 
free  from  metallic  arsenic4     According  to  Klaproth,  1000  parts 
of  water  at  60^  dissolve  2,5  of  white  arsemc,§  and  1000  parts  of 
water  at  212^,  dissolve  rather  more  than  77  parts,  and  about  30 
parts  are  retained  in  permanent  solution.— But  the  most  elabo^ 
rate  experiments  are  those  of  Fischer  of  Breslau.     According 
to  these,  white  oxide  of  arsenic  is  insoluble  as  such  in  water, 
and  when  acted  upon  by  water,  one  portion  of  the  oxide  ac-* 
quires  oxygen  from  another,  and,  becoming  acidified,  is  render*  i 
ed  soluble.     This  is  the  reason  why  the  undissolved  portion 
loses  its  colour,  and  becomes  of  a  dirty  yellow.     Of  boiling 
water,  12,3  parts  dissolve  one  of  arsenic ;  but  at  the  common 
temperature  of  the  atmosphere,  66^  parts  of  water  take  up  only 
one  part-H     H*                              ' 

The  solutions  redden  vegetable  blues.  The  oxide  is  soluble 
in  70  or  80  times  its  weight  of  alcohol,  and  in  oils.  Its  aqueous 
solution  fuitiishes  tetraedral  crystals  by  slow  evaporation. 

1489.  Considerable  difference  of  Opinion  exists  as  to  the  jutioof  tfc* 
Gon^K^ition  of  these  acids.     Berzelius  maintains  that  the  oxy-  ^^^  *". 

arsenious  acid  is  to  that  of  arsenic  acid  as  3  to  5,  while  anultoua 
imsOn  contends  that  the  r&tio  is  as  2  to  3.  ^^" 

I  From  late  experiments  Dr  Thomson  has  deduced  the  EqaiTsiaat 
of  the  atom  of  arsenic  to  be  4,75  oxygen  being  1 ;  this  °""*»<"' 
corresponds  with  38  when  hydrogen  is  taken  as  unity ;  and  he 
ionsiders  arsenious  acid  as  composed  of  1  atom  arsenic  and 
2  atoms  oxygen ;  and  arsenic  acid  of  1  arsenic  +  3  oxygen, 
giving  6,76  for  the  representative  number  of  arsenious  acid 
on  the  oxygen  scale,  or  54  on  the  hydrogen ;  and  arsenic 
will  be  acid  represented  on  the  former  by  7,75,  on  the  latter 
by  e2.t 

I  1491.  Native  While  Jirsenic  occurs  in  prismatic  crystals,  Anenitef. 

and  in  a  pulverulent  form ;  it  is  found  in  Saxony  and  Hungary. 
1492.  The  arsenious  acid  forms  a  distinct  class  of  salts,  called 
mtseniieSy  which  have  been  but  little  examined. 

The  arseniiei  of  ammonia  i  poiassoj  and  soda^  are  easily 
soluble  and  uncrystallizable ;  they  are  formed  by  boiling  the 
■  »-■■■—    I     ■    I  I  ■  J         .  ■  ■  ■        .  .1.  -  ■  ■ 

*  BTo4)6*f  Ob9eroaU0n»  and  Etperim'nU  on  the  Action  of  Poiton.    Phil.  TroiM.  1818. 

t  Ortla*  Traiu  dea  Poirnna,  Tom.  i.  p.  193. 

%  Dr  PacU,  ^jMrt€rl§  Jovmai  </  Set mm0  aatd  Artt^  vol.  vL, 

(  It  would  take  a  long  time  to  prepare  a  saturated  aqueous  Aution  of  white  arsenic,  by  contact 
•f  the  powder  with  watort  or  even  by  agitation ;  bat  by  boiling  the  vrater  with  the  powder  for  half  an 
iMrar,  leaving  it  to  oool,  and  afterwaids  fitlcrinf  it^  a  saturated  sohitton  will  bo  at  one*  obtained.— 
F«««d«y,  CUm-  Mmip.  174. 

H  ThaafOB*s  AnnaU^  vu.  33.  IT  See  Firai  Prineip.  V 
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acid  in  the  alkaline  solutions.  Those  oilime^  harytayjirontiaj 
and  magnesia^  are  difficultly  soluble,  and  formed  io  the  same 
way*  Arsenite  of  potassa  is  the  active  ingredient  in  the  liquor 
potassm  arsenitia  of  the  U,  S.  Pharmaccpceia,  and  in  Fowler's 
mineral  solution  or  tasteless  ague  drop. 

Arsenite  of  ammonia  produces  a  yellow  precipitate  in  aitrate 
of  silver,  easily  soluble  in  excess  of  ammonia. 

— ofvotana.  1493.  Arsenito  of  potassa  produces  a  white  precipitate  in  the 
white  salts  of  manganese ;  a  dingy,  green  precipitate  in  the  solu« 
tions  of  iron ;  a  white  precipitate  in  solutions  of  zinc  and  tin. 
Mixed  with  a  solution  of  sulphate  of  copper,  a  precipitate  of  a 
fine  apple  green  colour  falls,  called  from  its  discoverer,  ScAeele's 
greeUf  and  is  useful  as  a  pigAient.  In  the  solutions  of  lead,  anti- 
mony, and  bismuth,  it  forms  white  precipitates :  added  to  nitrate 
:  of  cobalt  it  forms  a  pink  precipitate  y  and  bright  yellow,  with 
nitrate  of  uranium.  With  nitrate  of  silver  it  forms  a  white  pre- 
cipitate, soon  becoming  yellow,  and  very  soluble  in  ammonia* 
All  these  precipitates  ace  probably  arsenites  of  the  respective 
metals,  and,  heated  by  a  blow-pipe  on  charcoal,  they  exhale  the 
smell  of  arsenic. 

•AiMDie  Mid.  1494.  By  repeated  distillation  with  nitric  acid  only,  arsenious 
acid  is  changed  into  arsenic  add.  Or  a  mixture  of  4  parts  of 
muriatic  and  24  of  nitric  acid  may  be  distilled  off  8  parts 
of  arsenious  acid,  gradually  raising  the  bottom  of  djjp  retort  to 
a  red  heat  at  the  end  of  the  operation.  It  may  also  M procured 
by  distilling  nitric  acid  off  powdered  metallic  arsenic. 

{ivrMtief.         1495.  Arsenic  acid  is  a  white  substance,  of  a  sour 

deliquescent  and  uncrystallizable.     Its  specific  gravitj 
It  requires  for  solution  6  parts  of  cold  and  %  of  boiling^ 
its  solution  reddens  vegetable  blues. 

AneoiatM.  1496.  Arsenic  acid  unites  with  bases,  and  constitutes  a  class 
of  salts  called  arsenates  or  arseniates.  These  salts  resemble 
the  phosphates  in  this  as  in  other  respects,  that  though  carefully 
neutralized  when  in  solution,  yet,  when  concentrated  by  evapo- 
ration, they  crystallize  with  an  excess  of  base.     H.  2.  53. 

•-  ofammn.       1497.  Jlrseniate  ofJimmonia  is  formed  by  saturating  arsenie 

*^  acid  with  ammonia  ;  rhomboidal  prisms  ar6  obtained  on  evapo- 

ration, which,  when  gently  heated  effloresce  and  evoKe  ammo- 
nia ;  at  a  higher  temperature  pure  water  is  formed,  oxide  of 
arsenic  sublimes,  and  nitrogen  is  evolved,  a  circumstance  first 
observed  by  Scheele. 

•^•fpotMM.  1498.  Binarseniate  qf  Potassa  may  either  be  formed  by 
adding  excess  of  arsenic  acid  to  potassa  and  evaporation ;  or  by 
heating  to  redness,  in  a  Florence  flask,  a  mixture  of  equal  parts 
of  nitre  and  white  arsenic ;  during  the  latter  operation  much 
nitrous  gas  is  evolved,  and. on  dissolving  the  residue  in  water, 
filtering,  and  evaporating,  quadrangular  crystals  of  binarseniate 
of  potassa  are  obtained.  Macquer  was  the  first  who  procured 
this  compound,  whence  it  was  termed  Macquer^ s  netitrai  arse^ 
nical  salt.    It  is  not  easily  decomposed  by  heat  alonoi  and  maj 
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be  fused  and  kepi  red-hot  without  undergoing  other  change 
than  losing  a  little  acid,  but  when  mixed  with  about  an  eighth  of 
charcoal  powder  and  distilled,  metallic  arsenic  rises,  and  carbo- 
nate of  .potassfty  mixed  with  a  part  of  the  charcoal ,^  remains  in  the 
*body  of  the  retort  This  salt  is  used  in  pharmacy  for  the  cure 
of  agues. 

Dr  Thomson's  analysis  makes  it  to  consist  of 

Artenic  acid        .    •    .   t    •    •    .    S  atpou    1?4  CompwitiMi* 

FoUMft      .    .     .    , 1  atom        48 

Water  ..........    I     ''  9 

181 

1499.  ^rseniaie  qf  Soda  is  formed  by  saturating  a  solution  —  of  Mda^ 
of  carbonate  of  soda  with  arsenic  acid  ;  on  evaporafion,  crystals 
are  obtained,  have  the  same  shape  as  those  of  phosphate  of  soda, 
and  effloresce  by  exposure  to  a  dry  atmosphere. 

It  has  a  cooling  taste,  resembling  that  of  carbonate  of  soda, 
but  less  strong.     It  requires  more  than  four  times  its  weight  of  ^ 

cold  water  for  solution,  and  the  liquid  has  alkaline  properties. 
It  undergoes  the  *watery  fusion.  Jts  solution,  when  dropped 
into  most  earthy  and  metallic  salts,  occasions  precipitates,  the 
peculiar  appearances  of  which  are  exhibited  by  Dr  Thomson 
in  a  table  published  in  the  Annals  of  Philosopliy,  xv.  83.  It 
consists  of  1  atom  arsenic  acid,  1  atom  of  soda,  and  8  atoms  of 
water.  There  is  also  a  biyirseniate  of  soda,  agreeing  in  the 
shape  of  its  crystals  with  bi- phosphate  of  soda.  These  crystals 
eonsist  of  2  atoms  of  acid,  1  of  base,  and  5  atoms  of  water.     H. 

1600.  Jlrseniaie  of  Lime  is  deposited  when  arsenic  acid  is  —  of  Une. 
dropped  into  lime-water,  or  whe?  areeniate  of  potassa  is  added 
to  nitrate  of  lime;  it  is  difficultly  soluble  in  water,  and  consists, 
according  to  Laugier*  of  arsenic  acid  67,  lime   33,  numbers 
which  do  not  exactly  correspond  with  1  proportional  of  acid  +  « 
1  of  base.t 


-»■ 


•jCim.iltGtni.85,58. 

t  jfr«Mi«te  •/  Bm/fi^  maj  b«  Ibmiod  by  aixiog  omitial-arMaiato  of  soda  willi  nitrato  of  baiyta;  —  of  Baryta, 
wbon  the  acid  is  oot  in  oxoom  it  is  iosolaMs  ia  water.    It  oeasieli  of 


Arvenieaeid      .   .    .    .  -^   .    43,S4 100, 

Baiyta     -.-.....    MOi 138.66 

lOOi 

ArteaiaU  of  M^gmtU  it  soluble,  deUqueseent,  aad  oncrystnllizable.    AroemUOt  pf  Mamgatum 

is  preejj^tated  in  tiie  foitn  of  a  white  powder,  by  addiiv  arseniate  of  potaasa  to  nittriate  of  maogaDeae. 

Arstuiale  of  Iron — Arseniate  of  ammonia,  added  to  the  sulucioni  of  protbsulphalo  and  pe^ulphata 

of  iron,  occasions  troenish  precipitates  of  prot^roeniate  and  perarsenioto  of  iron,  both  of  which 

*  have  been  examined  by  Mr  Cbeoevix.    PAiL  Traas.  1801,  pp.  2!0,  SS5. 

AroeoiaU  ^  Zinc  is  precipitated  in  the  form  of  a  while  iasolubie  powder  whan  anenic  acid,  or  an  ^  of  aiac. 
aikaUne  arsaniate,  is  added  to  sulphate  of  sine. 

Araoni^e  of  Tim  is  a  white  insoluble  powder,  precipitated  by  adding  arseniate  of  potassa  to  ..  ^f  k. 
moriate  of  tin.  • 

./frsenfale  ofCoppi^  is  formed  by  adding  an  alkaline  araeniate  to  nitrate  of  copper  ;  it  is  a  blue  _  ^f  eoppei. 
insolnbie  powder.    The  araeoiates  of  copper  have  been  submitted  to  an  elaborate  investigation  by 
Mr  Chooerix,  be  has  deeeribod  five  varieties.    See  PkU.  TVaatf.  1801.— Tbomsoa^s  ^«(e«i,  iL  463, 
AniK.  edit  aad  Ftm Prukdplo$,}i,  381. 
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— •fiMd.  1501.  Jitseniate  qf  Lead. — It  anay  be  forified  by  poaring 
arsenic  acid  ioto  any  of  the  soluble  salts  of  lead  when  it  falls  in 
the  form  of  a  white  powder,  insoluble  in  water^  but  soluble  in 
dilute  nitric  acid  ;  %.  circumstance  which  enables  us  in  analysis 
to  separate  it  from  sulphate  of  lead,  wbieh  is  insoluble.  This* 
compound  is  fusible  without  decomposition  \  but  if  it  be  heated 
with  charcoal,  both  the  lead  and  arsenic  are  reduced,  and  the 
latter  evaporates.  «• 

KuiTe.  Arseniate  of  lead  occurs  native  ;  the  finest  crystallized  vari- 

eties are  associated  with  stiver  at  Johanngeorg^nstadt  in  Sax- 
ony.* The  arseniate  from  Cornwall,  Eng.  is  inferred  by  Dr 
Thomson,  from  the  analysis  of  Mr  Gregor,  to  consist  of  1  atom 
acid  and  1^  protoxide  of  lead :  that  from  Saxony  of  1  atom  of 
each  of  its  constituents.     T.  2.  371. t 

ebiorido.  1 502.  jlrsenic  and  Chlorine. — Chloride  of  arsenic  is  formed 

by  throwing  finely-powdered  arsenic  into  chlorine;  ibe  metal 
burns  and  forms  a  whitish,  deliquescent^  and  volatile  compound  ; 
it  may  also  be  obtained  by  distilling  6  parts  of  corrosive  subli- 
mate with  1  of  powdered  arsenic ;  the  chloride  passes  into  the 
receiver  in  the  form  of  an  unctuous  fluid,  formerly  called  butter 
of  arsenic.X  Mixed  with  water,  the  chloride  of  arsenic  is 
decomposed,  and  white  oxide,  or  arsenious  acid,  is  deposited, 
muriatic  acid  being  at  the  same  time  produced.  Hence  it  may 
be  inferred,  that  the  chlorine  is  to  the  arsenic  in  the  same  pro* 
portion  as  the  oxygen,  and,  consequently,  that  it  consists  of  1 
proportional  of  arsenic  +  2  proportionals  of  chlorine,  which, 
from  Dr  Davy's  experiments,  appears  to  be  the  case.§     B. 

Chlorate.  1503.  Chlorate  of  Arsenic  has  not  been  examined,  but  ehlo- 

rate  of  potassa  and  metallic  arsenic  afibrd  a  detonating  mi^nore, 
which  takes  fire  with  amAzin^  rapidity. 

•  Moh'ii  Mineralofyi  ii*  137. 

t  Arseniate  of  jf  i»/im0fiy.— >Notliiiif  Is  known  rMpetftin|^  the  combtmHont  or  araenie  acid  with 
either  of  the  ox'^n  of  antimony-  ArtaUate  •/  BitwnUk  falJi  at  an  iniolabli  wbita  fi^mf^t  oa  addhif 
araanic  acid  to  nilrate  of  biimuth.  JirseniaU  of  Cobalt  is  precipitated  of  a  red  eolour  bj  the  addi- 
tion  of  on  alkaline  artcniate  to  a  lolublc  salt  of  cobalt  JlruniaU  of  Uranium  is  tlurown  down  of 
a  straw  colour  when  arMiiiatP  of  potassa  it  added  to  nitrate  of  nrantanit 

t  M.  Domas  has  given  the  following  proceaS'    Put  one  part  of  aiaeniona  aeid  and  10 parta  of  eoo- 

eootrated  snlphorie  acid  into  a  tubulated  retort,  and  raiae  the  tem|«rature  to  nearl/  9i9*  P.;  theu 

throw  fragnaents  of  fosed  common  aalt  into  the  retort  by  the  tubulnn.    By  continuing  the  heat  aud 

aoceesaiTely  adding  common  salt,  prolo  chloride  ofaraenlc  is  obtained  :  it  lalls  drop  by  drop  from  the 

beak  of  the  retort,  and  may  be  coUeoted  in  cooled  vetMls ;  little,  if  any  moriatie.aeid  is  disengaged, 

but  towards  the  end  of  the  operation  a  portion  ofhydrated  chloride  of  araenie  is  frequently  produced 

which  collects  in  the  Teasels  above  the  pure  chloride.    The  two  bodies  do  not  mix j  the  hydrate  is 

liquid,  transparent  and  colonriess,  and  more  viscid  than  the  dry  chloride.    Tli«*  hydrate  may  be 

'decomposed,  and  pure  chloride  obtained,  by  distilllog  the  mixture  from  a  sufficient  quantity  of 

aulpbnric  acid.    Jinn,  de  CUm  et  Pibys.  xxx  iil.  3Q0i 

Br  DaTT*8  ^  ^'  Davy  determined  the  oompositiun  of  tliis  compound||  by  synihosts,  and  states  that  jt  eooaials  el 

analysia.'  Chlorino m,48 100 

Aieenic     .-•...    39,58    ......     CS^ 

100. 

This  analyaia,  howerer,  does  not  lead  to  an  atomic  weight  for  arsenic  at  all  coinciding  with  that 

deduced  from  the  oxides.    From  the  name  which  Dr  Davy  gives,  to  this  compound,  it  is  evident  that 

.  be  consid«)ni  it  as  tlie  proto<hloride ;  but  in  that  case  the  atom  of  arsenic  would  weigh  only  23,5. ; 

for  100  :  ftS  :  :  36  :  23,5.    Tliere  is,  probably  therefore,  some  error  in  the  estimate  of  ita  eoaip«ai- 

tfea.    H  8.S5.  U  PkiU^,  Trans-  UllS,  Up. 
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The  tali  and  meta],  first  teparalelj  powdered,  majr  be  nixed  by  the  gentlett  mm^ 
possible  triture,  or  rut  her  bjr  stirring  tbeiu  together  on  paper  with  a  knife  point* 
If  two  Jong  trains  be  laid  on  a  table,  the  one  of  gunpowder,  and  the  other  of 
this  mixture,  and  thej  be  placed  in  contact  with  each  other  at  one  end,  so  that 
thev  roajr  be  fired  at  once,  the  arsenical  mixture  detonates  with  the  rapidity 
ef  lightning,  while  the  other  bums  much  less  rapidly,^ 

1501.  Jirsenic  and  Hydrogen, — When  araenic  is  presented 
to  nascent  hydrogen  a  portion  of  the  metal  combines  with  the 
gas.  The  compound  is  best  obtained  by  adding  a  portion  of 
metallic  araenici  or  of  white  arsenic,  to  the  mixture  of  sine  and 
dilute  sulphuric  acid  usually  employed  for  the  production  of 
bydrogen.  It  may  also  be  obtained  by  acting  on  water  with  a 
triple  alloy  of  arsenic,  potassium,  and  antimony.  This  alloy 
may  tie  formed  by  heating  strongly,  for  two  hours,  in  a  close 
crucible,  two  parts  of  antimony,  two  of  cream  of  tartar,  and 
one  of  white  arsenic.  When  two  or  three  drachms  of  this  alloy 
are  thrown  quickly  under  a  far  inverted  in  water,  abundance  of 
araenureiied  hydrogen  is  disengaged.!  The  greatest  caution 
should  be  used  to  avoid  its  deleterious  effects,  which  were  fatal 
to  the  l^e  M.  Gehien.^  The  gas  may  be  collected  over  water^ 
by  whiim  it  is  not  sensibly  absorbed. 

1505.  The  specific  gravity  of  this  gas  is  liable  to  vary  accord- 
ing to  the  mode  by  which  it  is  procured.  After  standing  a  day 
over  water,  it  deposits  a  small  quantity  of  brown  matter,  whieh 
appears  to  be  a  hydruret  qf  arsenic^  and  then  it  has  a  specific  ^J^^*""*^ 
gravity  of  from  12  to  14,  hydrogen  being  ss  1.  This  is  consid- 
erably heavier  than'  the  usual  estimation.  If  the  gas  were 
composed  of  1  proportional  of  arsenic  and  two  of  hydrogen^ 
without  condensation,  100  cubical  inches  should  weigh  51,75 

g'ains,  and  its  specific  gravity  to  hydrogen  would  be  20,7. 
ut  6ay-Lussac  and  Thenard§  have  shown  by  decomposing  it 
by  tin,  that  100  parts  expand  to  140,  which  would  still  increase 
its  specific  gravity,  it  being  probable  that  3  volumes  of  hydrogen 
are  condensed  into  2.  It  is  probable,  therefore,  that  the  gas^ 
hitherto  described  under  the  name  of  arsenuretted  hydrogen,  is 
a  mixture  of  the  real  compound  with  hydrogen.     B. 

1506.  The  gas  obtained  by  the  above  described  process  is  PkofMitiss. 
expanded  in  volume,  and  deposits  arsenic  at  high  temperatures: 
exposure  to  intense  cold  is  said  to  occasion  its  liquefaction.     It 
smells  strongly  alliaceous ;  it  extinguishes  a  taper,  and  burns 
with  a  pale  blue  flame,  depositing  arsenic  and  its  oxide.|| 

„___  •  — — — 

*  Jodide  of  Ar§mdcy  ofitaioed  by  hnatinff  the  metal  with  excou  of  iodioet  U  (rf*  a  deep  red  eolonri 
aod  Tolatile.  When  acted  upon  by  arater,  it  prodaoee  hydriodic  aod  anenic  acids.  It  appvais 
probable  thai  it  ooalaine  1  proportioaal  of  aiaooic  and  3  of  iudioe. 

f  Quarterlf  Jommalt  xtii.  SS5. 

X  ^»n,  d*  ekim,  95, 110 ;  and  .^na.  de  Ckim-  et  Pkf».  iii.  135. 

$  RecktrdUM  Pkptie^'CkemiqMitf  Tom.  i.  p.  930.  From  tlio  analogy  of  the  otiier  compoimde  of 
bydrofoo  and  a  oombastiUet  there  eMini  little  doabt  that  it  ie  a  oompoood  of  ladiaa. 

T.    First  FHmeip!n^\.9»» 
II  One  cubic  iach  of  the  faa  eoolaias  ahoot  oaa  fourth  ofa  graia  of  mrtallic  arwoic.   H. 

50 
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jl,^  ^np  bnbbies  Uoirn  with  m  mixtare  of  this  and  oxygen  fa«e%  burn  with  m 

blae  llamp,  a  white  smoke,  and  a  strong  Rlliareou*  »niell. 

If  detonated  with  about  4  vokiiTies  of  oxygen,  arsenious  acid  and  water  are 
v_  tbtmed,     A  itream  of  arseiniretted  hydrosren  ga*^  i^uing  from  a  bladder  fitted 

*  With  tt  8top«cock,  and  »et  on  fire  in  a  liir^e  receiver  filled  with  oxygen,  burns 

with  a  blue  fiame  of  uncommon  splendour. 

1507.  A  solid  eompound  of  hydrogen  and  arsenic  may  be 

ioylTpSuS!-*  foHned  by  acting  on  water  with  an  alloy  of  potassium  and  arse- 

anMie!^  bic;  and,  of  course,  much  less  hydrogen  gas  is  erolved,  than 
the  same  weight  of  uncombined  potassiunr  would  liberate  from 
iMiter.  II  is  deecribed  by  Gay*Lus8ac>  as  separating  in  chee-^ 
BUt«>brown  coloured  flocks.  There  appears,  indeed,  to  be  a 
strbng  Infinity  between  hydro^n  and  arsenic ;  for  Berzelius 
foand  that  the  recently  prepared  metal,  when  distilled" along 
with  oxide  of  tin,  gave  a  drop  or  two  of  water.  It  must,  there- 
forls,  have  yielded  hydrogen  to  the  oxygen  of  the  oxide. 
H.  «.  46, 

1M8.  If  bubbles  of  chlorine  be  passed  up  into  a  jar  of  arsen- 

cuohoe^  mtstted  hydrogen,  standing  over  warm  water, >flame  and  explo- 
sion are  often  produced,  muriatic  acid  is  formed,  and^  brown 
hydruret  is  deposited ;  but  if  the  gas  be  passed  in  the  same  way 
by  suecessire  bubbles  into  chlorine,  no  inflammation  results, 
absorption  takes  place,  and  muriatic  acid  and  chloride  of  arsenic 
sine  formed.  If  the  chlorine  be  not  very  piire,  and  when  the 
gases  are  cold,  inflammation  seldom  follows  their  mixture. 

1509.  Chlorine  added  to  a  mixture  of  sulphuretted  with 
arseviu retted  hydrogen,  causes  a  deposit  of  red  sulphuret  of 
arsenic. 

AetioB  of  ni-  1510%  Nitric  acld  suddenly  decomposes  arsenuretted  hydro- 
gea ;  water,  oxide  of  arsenic,  nitrous  acid,  and  nitric  oxide  are 
the  results.    • 

Buiphurat.  1511,  Jirs^nic  and  Sulphur. — By  slowly  fusing  a  mixture 
of  metallic  arsenic  and  sulphur,  a  red  sulphuret  of  arsenic  is 
obtained.  It  is  crystaliizable  and  of  a  vitreous  fracture:  its 
specific  gravity  is  3,4.  It  is  usually  known  under  the 'name  of 
realgar^  and  occurs  native  in  Germany  and  Switzerland,  in 
V^ins  of  primitive  rocks  and  among  volcanic  matter. 

Orpimcnt.  1518..  If  whitc  arscnic  be  dissolved  in  muriatic  acid,  and  pre- 

cipitated by  hydrosulphuret  of  ammonia,  a  fine  yellow  sulphu- 
ret of  arsenic  fails,  usually  called  orpiment. 

NaUve.  1513.  Notlve  Orpiment  is  of  a  bright  lemon,  or  golden  col- 

our. It  is  generally  massive  and  lamellar.  It  occurs  both  in 
primitive  and  secondary  rocks,  in  Suabia,  Hungary,  China,  and 
South  America. 

Uaes.  Orpiment   is  employed   in   calico-printing  to  de-oxygenate 

indigo,  which  thus  becomes  capable  of  attaching  itself  to  the 
cloth.  M.  Braconnot  recommends  realgar  for  dyeing  wool, 
silk,  or  cotton,  of  a  fine  yellow  colour.  Having  mixed  one 
part  of  sulphur,  2  parts  of  white  arsenic,  and  5  of  potash  of 
commerce,  melt  them  in  a  crucible  at  a  heat  near  that  of  red- 
ness.    The  yellow  mass  thus  obtained  is  to  be  dissoived  in  hot 


water,  and  filta*ed.  It  is  then  to  be  dilutedy  and.  lulpburie  aoi4  * 
poured  iato  it,  of  such  strength  aa  to  produce  a  fleeoy  precipi? 
tate  of  asiiperb  yellow  colour.  Thia  dissolves  with  facility  ii| 
ammonia,  apd  gives  a  yellowish  liquor,  into  which  is  to  be 
poured  an  eifcess  of  ammonia  for  the  purpose  of  discolouring  '\\ 
entirely.  Grfiods  plunged  ipto  this  solution  come  out  colour- 
less,  care  beiag  talven  that  do  metallic  vessels  are  used ;  but  tbojT 
assume  a  fine,  yellow  as  the  ammonia  evaporataa.  The  c^lpur 
is  durably,  and  resiats  acids  but  not  alkalies.* 

1514.  Realgar,  which  is  the  protosulphuret,  is  composed  of  CompouUoi. 
dS  parts  or  1  atom  of  metallic  arsenic^and  16  or  1  atonn  ^f  su|r 

phur.  Orpim^tit  consists  of  38  parts  or  1  atom  of  arseni^i^  aivd 
24  parts  or  an  atom  and  a  half  of  aulphur.  It  is  therefore  a  se^ 
qui-sulphurBt. 

1515.  Sulphuric  acid  is  slowly  decomposed  when  boilefl  Bniphata. 
upon  arsenic.     Sulphurous  acid  is  evolved,  and  diffioultly  aol4r 

bie  crystalline  grains  of  sulphate  qf  arsenic  are  deposited  aa 
-the  solution  cools.t 

1516.  Arsenic  forms  alloys  with  most  of  the  metals,  and  they  AUoyi. 
are  generally  brittle.      With   potassium  it  forms  a  brownisti 
compound,  which,  when  put  into  water,  evolves  less  hydrogen 
thsfn  pure  potassium,  in  consequence  of  the  formation  of  hydro* 

ret  of  arsenic.  (1505.)  With  sodium,  the  alloy  is  either  brown 
and  of  an  earthy  aspect,  or  grey  and  metallic,  according  to  the 
proportions  of  the  ||fietals :  water  acts  upon  it  as  upon  the  for^ 
mer4  The  alloy  of  arsenic  and  manganese  is  not  known.  With 
iron,  zinc,  and  tin,  it  forms  white  brittle  compounds;  with  cop* 
per  it  forms  a  white  malleable  alloy ;  with  lead,  a  brittle  com- 
pound of  lamellar  texture ;  with  antimony,  the  alloy  is  brittley 
hard,  and  very  fusible.  It  combines  with  bismuth  and  probably 
with  cobalt ;  but  these  alloys  have  not  been  examined. 

1517.  Arsenic  is  used  in  a  variety  of  the  arts.     It  enters  into  u«w. 
metallic  combinations,   wherein   a  white  colour  is  required. 
Glass  manufacturers  use  it ;  but  its  effect  on  the  composition  of 
glaas  does  not  seem  to  be  clearly  explained.     U.  179. 

1518.  The  separation  of  arsenic  from  other  metals  may  gen- 
erally be  accomplished  by  deflagration  with  nitre,  by  which  it 
is  acidified,  and  the  arseniate'  of  potassa  may  afterwards  be 
washed  out  by  hot  water. 

1519.  As  arsenic,  either  accidentally  or  intentionally  taken,  Metbmii or 
is  a  very  frequent  caiUse  of  death,  a*W  often   the  subject  of  ju-  JjJS^ 
dieial  inquiry,  it  becomes  of  importance  to  point  out  the  meet 
effectual  modes  of  discovering  its  presence.     Where  arsenic 
proves  fatal,  it  is  very  seldom  found  in  the  contents  of  the 
stomach  after »death,  but  is  generally  previously   voided  by 

*  Ann,  4t  auu.  H  Pk^s.  %um  aa. 

t  PhumpkMftt  ofAftnit  ia  formed  by  beating  the  metal,  or  its  oxide,  with  i^iosphorae;  it  nguBej 
and  brttUe.  Neither  tb»  H§p»ph»9pknto  nor  Pko»phiU«f  ArsenU  hare  beeo  examined.  Phatplua* 
ofArtcnic  m  formed  is  difficultly  aolobie  oiyataUiae  grains,  by  boUiog  white  araeoic  in  pboep^mic 
Hcid.  ,   . 

%  (ray-ltustac,  ftwl  Theoaid,  lUtktrtki*  Pk9t>is»'CAmipi€$y  Ton.  1. 


396  Dtieetum-ofJirsenic.  chap.  iv. 

TOitiiting  or  by  stool ;  and  we  often  can  detect  it  in  the  matter 
thrown  off  the  stomach,  in  the  form  of  a  white  powder,  subside 
ing  in  water.  The  inflammation  of  stomach  which  results  is 
generally  a  secondary  effect,  and  takes  place  equally,  whether 
the  poison  be  swallowed  or  applied  to  a  wound.* 

If  minute  quantities  of  vfhite  powder  be  detected,  however, 
in  the  stomach  after  death,  or  in  the  matter  vomited,  it  is  to  be 
carefully  collected,  and  treated  as  follows : 

Concentrate  by  heat  in  a  capsule  the  suspected  poisonous 
solution,  having  previously  filtered  it  if  necessary.  Indeed,  if 
it  be  very  much  disguised  with  animal  or  vegetable  matters,  it 
is  better  first  of  all  to  evaporate  to  dryness,  and  by  a  few  drops 
of  n;tric  acid  to  dissipate  the  organic  products.  The  clear 
liquid  being  now  placed  in  the  middle  of  a  bit  of  glass,  lines 
are  to  be  drawn  out  from  it  in  different  directions.  To  one  of 
these  a  particle  of  weak  ammoniacal  water  being  applied,  weak 
nitrate  of  silver  may  then  be  brushed  over  it  with  a  hair  pencil. 
By  placing  the  glass,  in  different  lights,  either  over  white  paper 
or  obliquely  before  the  eye,  the  slightest  change  of  tint  will  be 
perceived.  Ammoniaco-acetate  of  copper  should  be  applied  to 
another  filament  of  the  drop,  deut-acetate  of  iron  to  a  third, 
weak  ammctpiado-acetate  of  cobalt  to  a  fourth,  sulphurefted 
water  to  a  fifth,  lime-water  to  a  sixth,  a  drop  of  violet  syrup  to 
a  seventh,  and  two  galvanic  wires  at  the  opposite  edges  of  the 
wholo.t  Thus  witl^one  single  drop  of  ^lution,  many  exact 
experiments  may  be  performed. 

But  the  chief,  the  decisive  trial  remains,  which  is  tb  take  a 
little  of  the  dry  matter,  mix  it  with  a  small  pinch  of  dry  black 
flux,  put  it  into  a  narrow  glass  tube  sealed  at  one  end,  and  after 
cleansing  its  sides  with  a  feather,  urge  its  bottom  with  a  blow- 
pipe till  it  be  distinctly  red-hot  for  a  minute.  Then  garlic 
fumes  will  be  smelt,  and  a  stecl-lustred  coating  of  metallic 
arsenic  will  be  seen  in  the  tube  about  one-fourth  of  an  inch 
above  its  bottom.  Cut  the  tube  across  at  that  point  by  means 
of  a  fine  file,  detach  the  scale  of  arsenic  with  the  point  of  a  pen* 
knife,  ptftt  a  fragment  of  it  into  the  bottom  of  a  small  wine-glass 
along  with  a  few  drops  of  ammoniaco-acetate  of  copper  and 
triturate  them  well  together  for  a  few  minutes  with  a  round- 
headed  glass  rod.  The  mazarine  blue  colour  will  soon  be  trans- 
muted into  a  lively  grass-green,  while  the  noetallic  scale  will 
vanish.  Thus  we  distinj^uish  perfectly  between. a  particle  of 
metallic  arsenic  and  one  of  animalized  charcoal.  Another  par- 
otide of  the  scale  may  be*  placed  between  two  smooth  and  bright 

*  Late  inToarrigationa  faaro  ihown  that  aneirie  poncraei  the  property  of  {l^eterving  from  decay  tiia 
bodiea  of  those  poimned  with  it  The  antweptie  efieeis  eooielitaeN  eaten^only  to  tbe  eloiDaeh  and 
inteetinei.  that  Ts,  to  the  parts  directly  in  contact  with  it ;  but  in  ■Oine  inttanect  tbe  vrliole  body  is 
proserTed.  The  stomach  and  intestines  of  persons  kiUed  with  arsenic  have  been  found  entire  and 
irm  at  tbe  distance  of  fivCf  six,  and  fourteen  months,  or  even  at  two  yean  and  a  half  ^^Ur  death  ;  and 
in  some  of  these  instances  tlio  poison  iiielf  was  detected.    JCclifR.  PMloa.  Jomr.  vii.  381. 

t  A  Toliaic  battery  made  to  act  on  a  little  arsenious  solution  placed  on  a  bit  of  glass,  derelopca 
awtallio-areenic  at  the  negative  pole,  and  if  this  wke  be  copper,  it  will  be  wbileMd  like  tombno. 
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• 
surfaces  of  copper^  with  a  touch  of  fine  oil;  and  whilst  they  are 
firmly  pressed  together,  exposed  to  a  red-heat.  The  tombac 
alloy  will  appear  as  a  white  stain.  A  third  particle  may  be 
placed  on  a  bit  of  heated  metal,  and  hj^Id  a  little  under  the  nos- 
trils, when  the  garlic  odour  will  be  recognized.  No  danger 
can  be  apprehended^  as  the^fragment  need  not  exceed  the  tenth 
of  a  grain.  * 

1520.  It  is  to  be  observed  that  one  or  two  of  the  precipitation 
tests  may  be  equivocal  from  admixtures  of  various  substances. 
Thus  tincture  of  ginger  gives  with  the  cupreous  reagent  a 
green  precipitate :  and  Dr  Ure  was  at  first  led  to  suspect  from 
that  appearance^that  an  empirical  tincture,  put  into  his  hands 
for  examination,  did  contain  arsenic.  But  a  careful  analysis  * 
satisfied  him  of  its  genuineness.  Tea  covers  arsenic  from  the 
cupreous  test.  Such  poisoned  tea  becomes  by  its  -addition  of  an 
obscure  olive  or  violet  red,  but  yields  sca#ely  any  precipitate. 
Sulphuretted  hydrogen,  however,  throws  down  a  fine  yellow 
sulphuret  of  arsenic* 

1521.  M.  Or£la  has  gone  into  ample  detail||Dn  the  modifica- 
tions produced  oy  wine,  cofiee,  tea,  broth,  &c.  on  arsenical  tests, 
of  which  a  good  tabular  abstract  is  given  in  Mr  Thomson's 
London  Dispensatory.  .  But  it  is  evident  that  the  differences  in 
these  menstrua,  as  also  in  beers,  are  so  great  as  to  render  pre- 

*  cipitations  and  changes  of  colour  by  reagents  very  unsatisfactory 
witnesses,  in  a  case  of  life  and  death.  Hence  the  'method  of 
evaporation  above  described  should  never  be  neglected.     Should 

^  the  arsenic  be  combined  with  oil,  the  mixture  ought  to  be  boil- 
ed, with  water,  and  the  oil  then  separated  by  the  capillary  action 
of  wick-threads.  If  with  resinous  substances,  these  may  be 
removed  by  oil  of  turpentine,  not  by  alcohol,  (as  directed  by 
Dr  Black),  which  is  a  good  solvent  of  arsenious  acid.  It  may 
moreover  be  observed  that  both  tea  and  cofiee  should  be  freed 
from  their  tannin  by  gelatin,  which  does  not  act  on  the  arsenic 
previous  to  the  use  of  reagents  for  the  poison.  When  one  part 
of  arsenious  acid  in  watery  solution  is  added  to  ten  parts  of 
milk,  the  sulphuretted  hydrogen  present  in  the  latter,  occasions 
the  white  colour  to  pass  into  a  canary  yellow ;  the  cupreous 
test  gives  it  a  slight  green  tint,  and  the  nitrate  of  silver  pro- 
duces no  visible  change,  though  even  more  arsenic  be  added  ; 
but  the  hydro-sulphurets  throw  down  a  golden  yellow,  with 
the  aid  of  a  few  drops  of  an  acid.     The  liquid  contained  in  the  * 

stomach  of  a  rabbit  poisoned  with  a  solution  of  d-  grains  of 
arsenious  acid,  afforded  a  white  precipitate  with  nitrate  of  silver, 
greyish-white  with  lime-water,  green  with  the  ammoniaco-sul- 

*  phate,  and  deep  yellow  with  sulphuretted  hydrogen-water. 
U.   18.t 

■  ■  III     ■  I  III  — — ^^»^— ■— — »^i^— .  ■  I  ■  I ■  !■  I  ■  ^^^ii— ^— — ^r^*^"^ 

*  Both  caflmiuin  aotl  anionic  arr  procipitatod  by  aulphuretted  hydrogen  of  a  yellowtali  colour,  bub 
nay  bo  distiugnished  bj^omployiag  hydro-sulpharet  of  ammonia,  which  give*  no  precipitate  with 
araoniooi  acid,  but  Ibrms  ono  with  cadmium.    Jow-  de  Pkarm,  June,  1337.  ' 

t  Dr  Cooper  recoumenda  a  lolution  of  chromate  of  potansti  as  one  of  the  beat  teats  of  arsenic  One 
4n»p  la  turned  green  by  the  fonrth  of  a  graJn  of  anonic,  by  two  or  three  drops  of  Fowler's  solution  or  anv 
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Section  XXV.    Molybdenum, 

1522.  Thb  sutphuret  is  the  most  commoD  natural  compound 
of  this  metal.  When  this  ore,  in  fine  pov^der,  is  digested  io 
nitro-inuridtic  aeid  until  completely  decomposed,  and  the  resi- 
due is  briskly  healed,  in  order  to  expel  sulphuric  acid,  molyb- 
die  acid  remains  in  the  form  of  a  white  heavy  powder.  From 
this  acid  metallic  molybdenum  may  be  obtained  by  exposing  it 
with  charcoal  to  the  strongest  heat  of  a  smithes  forge;  or  by 
conducting  over  it  a  current  of  hydrogen  ga^  while  strongly 
heated  in  a  tube  of  porcelain.**^  * 

1523.  Molybdenum  is  a  brittle  metal,  very  infusible,  and  of 
a  white  colour.  It  has  been  procured  but  in  small  quantities, 
and  its  properties  a^  known  imperfectly.  Its  specific  gravity, 
according  to  Hielm,  is  7,4,  according  to  Bucholz,  it  is  as  high 
as  8,6.  » 

MoiTbdenam  1524.  Molybdjmum  and  Oxygen* — When  heated  in  open 
■Ddoxjgeo.  yggggig  molybdenum  absorbs  oxygen,  and  is*con verted  inl6 
MoWbdic  molybdic  acid,  and  the  same  compound  is  generated  by  the 
action  of  chlorine  or  nitro-muriatic  acid.  Molybdic  acid,  ac* 
cording  to  Bucholz,  is  composed  of  48  parts  of  molybdenum 
and  24  parts  of  oxygen ;  and  consequently  or\  the  suppo- . 
sition  thai,  this  acid  contains  3  atoms  of  oxygen,  48  is  the  atomic 
weight  of  the  metal  itself. 

It  is  a  white  powder,  of  specific  gravity  3,4.  It  has  a  sharp 
metallic  taste,  reddens  litmus  paper,  and  forms  salts  with  alka- 
line bases.  It  is  very  sparingly  soluble  in  water;  but  the 
molybdates  of  potassa,  soda,  and  ammonia  dissolve  in  that  fluid, 
and  the  molybdic  acid  is  precipitated  from  the  solutions  by  any 
of  the  strong  acids. 

1525.  Berzelius  has  lately  ^described  the  two  oxides  of  mo- 
lybdenum.! The  protoxide  is  produced  when  we  macerate 
the  solution  of  a  salt,  wMth  a  base  of  the  deutoxide,  with  mer- 
cury, and  add,  from  time  to  time,  a  liquid  amalgam  of  potas- 


acid. 


Properties* 


Oxid^. 


'f 


otiier  VMDtte  ofpotaMa-^The  anenioai  aeid  takc8*ozygeii  fVom  thechrooiio,  whieh  Uoowerlad  int» 
oxide  of  chrome.  To  exhibii  the  effbct,  take  five  iratcb  glaines,  pat  on  one,  two,  or  three  drope  of  a 
watery  tolution  of  white  arsenic ;  on  the  aocood,  as  much  araeniteof  potawa;  oa  the  third,  oDe>fbarth 
nf  a  grain  of  white  arsanic  in  aobstauee ;  on  tho  fonrth,  two  or  throo  drop«  of  solation  of  corrotirA 
■ublimatq ;  on  the  fifthf  two  ur  three  drops  of  solution  of  oopper.  Add  to  each  fbrM  or  fonr  drofM  of 
a  Bolatioa  ofchtomate  of  potanui.  In  half  an  hour  a  bright  elean  graw-greao  colour  will  appear  w 
number*  1,  2,  3,  unchangeable  by  ammonia ;  number  4  wiO  instantly  exhibit  an  orange  precipitate  . 
and  number  5  a  green,  which  a  drop  of  ammonia  will  instantly  change  to  blue.  Jimer.  Journal  tf 
Science^  4,  ISS. 

Tlie  reader  ii  reftrred  for  further  particulars  on  this  sulyeet  to  KcMryV  Etomenu  rf  Ck«flusfr|r,  • 
Tol.  ii.  p.  588.  lOth  edit. :  to  Murray  $  SyMUm^  Tol.  iii-  p.  441«  4th  edit.:  to  Dr  Bwt^ek  a  Pmptr^  in 
the  Rdinb.  Med.  and  Svrg.  Jour.  rol.  v.  p.  166:  to  JUrHumes  Eumjf  in  the  Phil.  Mag.  vol, 
xxxiiLf  and  London  Med,  and  Phfs  Jevmal,  rol.  xxiii. :  to  Dr  Marett*»  Paper^  in  th«  Medico^ 
Ch>rurgru:al  Tranf^art'Ove,  vol  ii.  :  to  Mr  SylvgMters  $  Obtenmttont  in  J^nchoUon'a  Jonmol,  roi. 
xxviii.:  to  Beck  t  Mediral  Jvriaprudence,  vol.  ii,  i  te  Dr  TrailVe  Paper,  in  Boston  Ji^trnal  oj' 
Pktlos.    1  MS  ;   Ed:n-  Medico  Chtrnrg.  Trum.  vol.  ii. 

*  BerzrUus.  f  ^i»'  Pkilo*.  Jonr.  ir.  133 
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Slum.*  The  colour  of  the  liquid  becomes  deeper,  and  ^uds  by 
growing  black.  Before  the  introduction  of  the  amali^ramy  mu- 
riatic acid  must  be  added  to  prevent  a  part  of  the  deutoxide 
from  being  precipitated  before  its  entire  redaction  to  the  pro- 
toxide. The  black  solution  is  then  precipitated  by  ammonia, 
and  lly  black  precipitate  is  the  hydrate  of  the  protoxide,  which 
must  be  well  washed,  and  then  dried  in  vacuo.  The  hvdrate 
then  appears  under  the  form  of  a  jet  blafk  powder.  When 
heated  in  vacuOy  it  slowly  gives  out  its  water,  and  afterwards 
at  a  temperature  which  approaches  to  that  of  brown  red^  it  takes 
fire,  and  burns  with  scintillation.  The  anhydrous  protoxide  is 
insoluble  in  acids.  When  heated  in  air,  it  takes  fire,  and  burns 
feebly,  producing  the  brown  oxide  of  mol}  bdenum. 

153o.  The  salts  of  this  oxkke  are  black,  and  their  dilute  solu- 
tions have  a  compound  colour  of  green,  black,  and  brown, 
thouf^h  sometimes  they  assume  a  fine  purple  colour. 

1521,  Deutoxide  of  Molybdenum  may  be  procured  by  Deatoude. 
digesting  a  mixture  of  molybuic  acid,  metallic  molybdenum, 
and  sulphuric,  or  muriatic  acid,  till  the  colour  of  the  liquid 
becomes  a  deep  red.  Instead  of  metallic  molybdenum,  we  may 
substitute  metallic  copper.  The  red  liquid  gives,  with^ammo- 
nia,  a  rust-yellow  precipitate,  which  is  the  hydrate  of  the  deu- 
toxide; it  is  very  soluble  in  water,  and  the  saturated  solution  is 
red.  It  reddens  turnsol.  The  hydrate  dissolves  in  acids  and 
gives  salts,  whose  solutions  are  red,  but  which,  when  evapo- 
rated to  dryness,  are  almost  black. 

1528.  .According  to  Berzelius,  what  has  been  called  molyb*  Moiybdow 
dous  acid  is  a  bi-molybdate  of  the  deutoxide  of  molybdenum,  ^^' 

It  cannot  be  combined  with  alkalies,  which,  on  the  contraryi 
decompose  it  by  precipitating  the  hydrate  of  the  yellow  oxide 
and  combining  with  the  molybdic  acid.  It  may  be  produced 
most  readily  by  dissolving  the  bi-molybdate  of  ammonia,  and 
adding  to  it  a  solution  of  a  salt  with  a  base  of  the  deutoxide. 
It  produces  a  precipitate  of  a  fine  deep  blue,  which  is  yetj 
soluble  in  water,  and  is  only  deposited  because  the  water  con- 
tains salts.  It  may  be  washed  with  a  solution  of  sal-ammoniac, 
afterwards  removing  the  salt  by  a  little  cold  water.  It  gived 
with  warm  water  a  blue  solution,  highly  saturated,  which  may 
be  preserved  at  the  ordinary  temperature  of  the  atmosphere. 
In, the  dry  form  it  resembles  indigo,  and  retains  its  solubility 
in  water.  ^^^^ 

1529.  Berzelius  has  likewise  formed  three  chlorides  ^^o^  chiondM. 
lybdenum,     Tlie  first  is  red,  and  a  little  volatile.     The  second 

is  black,  very  fusible,  very  volatile,  and  crystallizes  in  a  black 
mass  of  a  brilliant  colour,  like  iodine  which  it  resembles  even 
in  the  colour  of  its  gas,  which,  however,  is  more  red  than  vTo-      ^ 
let     The  third  is  colourless,  and  crystallizes  in  scales.     These 


*  It  may  aloo  be  formcid  bjr  raio;  zinc  in  place  of  Ui«  amalgam,  but  th«  proloxiffo  then  retains  tha 
exide  of  siuo  ui  a  very  ob«Unat«  inanber. 
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three  chlorides  correspond  in  composition  to  the  compounds  of 
this  metal  with  oxygen.* 
Sniphuieui.  1530.  Bcrzelius  has  lately  discovered  a  new  sulphurei  of 
molyhdtnumj  of  a  ruby  red  colour,  transparent  and  crystallized. 
It  is  proportional  to  the  molybdic  acid ;  that  is,  it  contains  three 
atoms  of  sulphur  to  one  of  metal.  It  combines  with  the  metal- 
lic protO'Sulphurets,  and  forms  with  them  particular  saJts^  of 
which  a  great  number  are  soluble  in  water. 


How  olrtalB' 

6d* 


Sbction  XXVI.     Chromium, 

DtoeoTwy.  1531.  Chromiumt  was  discovered  by  Vauquclin  in  1797]: 
in  a  beautiful  red  mineral,  the  native' chromate  of  lead.  It  has 
since  been  detected  in  the  mineral  called  chromaie  of  iron^  a 
compound  of  the  oxides  of  chromium  and  iron  which  occurs  in 
several  places  in  Europe  and  in  this  country. 

1532.  Chromium,  which  has  been  procured  in  very  small 
quantity,  owing  to  its  powerful  attraction  for  oxygen,  may  be 
obtained  by  exposing  the  oxide  of  chromium  mixed  with  char- 
coal to  the  most  intense  heat  of  a  smith's  forge.  It  is  a  brittle 
metal,  of  a  greyish  white 'colour,  and  very  infusible.  Its  spe- 
cific gravity  is  5,9. 

oxidM.  1533.    Chromium  and  Oxygen. — Chromium   unites   with 

oxygen  in  thre^  proportions,  forming  two  oxides  and  one  acid. 
Dr  Thomson  has  shown  that  the  equivalent  of  chromic  acid  is 
52j  so  that  on  the  probable  assumption  of  its  bein^composed  of 
1  atom  of  chromium,  and  three  atoms  of  oxygen,  28  must  be 
the  atomic  weight  of  the  metal.*  According  to  these  data,  the 
composition  of  the  oxides  and  acid  of  chromium  may  be  thus 
stated. 

Protoxide  .... 
Deutoxide  .... 
Chromic  acid    •    .    < 

Pr»tozide.  1534.  Protoxide. — This  oxide  is  easily  prepared  by  dissolv- 

ing  the  chromate  of  potassa  in  water,  and  mixing  it  with  a  solu- 
tion of  the  proto-nitrate  of  mercury,  when  an  orange-coloured 
precipitate,  the  chromate  of  the  protoxide  of  mercury,  subsides. 
On  heating  this  salt  to  redness  in  an  earthen  crucible,  the  mer- 
cury is  dissipated  in  vapour,  and  the  chromiaacid  is  resolved 
into  oxygen  and  the  protoxide  of  chromium. 

^PioportHtf.  The  protoxide  of  chromium  is  of  a  green  colour,  and  suffers 
no  change  by  heat.  It  is  insoluble  in  water,  and  after  being 
strongly  heated,  resists  the  action  of  the  most  powerful  acids. 


Mettl. 

O.\jgon. 

28  or  1  atom 

8  or  1  atom. 

28     ...    « 

16  ^'  2  atomf. 

28    .    .    •    . 

24  '«  3      " 

*  lodina  do«a  net  combine  in  the  dry  way  with  molybdeaoro,  bat  hrttriodic  acid  disMlvei  the  pro- 
toxide and  tJie  dentozide.  The  molybdic  acid  decumposca  it,  and  aeparateB  the  ludioe  from  it.  Edif^. 
PkUot.  Jovr.  iv. 

t  From  XfetfitUf  colour^  indicative  of  ill  remarkable  l^udaaey  to  form  coloured  coropoundi. 

t-^nn.  de  Chim  xxv.  and  \xx. 
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Deflagrated  with  nitre,  it  is  oxidized  to  its  maximum,  and  is 
thus  reconverted  into  chromic  acid.  Fused  with  borax  or  vitre- 
ous substances,  it  communicates  to  them  a  beautiful  green  col- 
our, a  property  which  affords  an  excellent  test  of  its  presence, 
and  renders  it  exceedingly  useful  in  the  arts. 

1535.  The  protoxide  of  chromium  is  a  salifiable  base,  and  its 
salts,  which  have  a  green  colour,  may  be  easily  prepared  in  the 
following  manner. 

To  a  boiling  solution  of  the  ohromate  of  potassa  in  water,  eqaal  measures  of 
strong  muriatic  acid  and  alcohol  are  added  in  rucce^Rive  small  portion*,  until 
the  red  tint  of  the  chromic  acid  dicinppears  entirely,  and  the  liquid  acquires  a 
pure  (^reen  colqur.  On  pourinf^  an  eice»s  of  pure  ammonia  into  this  solution,  a 
pale  green  bulky  precipitate  is  formed,  which  consists  of  1  utom  of  the  protox- 
ide and  26  atoms  of  water.*    The  hj.  drate  is  rt^adilj  dinsolved  by  dcids. 

1536.  The  brown  or  deutoxide  of  chromium  is  formed  by  Dentozids. 
exposing  the  nitrate  of  the  protoxide  to  a  temperature  precisely 
sufficient  for  decomposing  the  'nitric  acid.     This  compound  is 
considered  by  M.  Mans  as  a  combination  of  the  protoxide  of 
chromium  and  chromic  acid.t     T.  402. 

1537.  Peroxide  of  Chromium  or  chromic  acid  is  most  easily  Peroxida. 
procured  by  the  decomposition  of  the  native  chromate  of  lead. 

The  ore  reduced  to  powder,  is  boiled  with  twice  its  weight 
of  carbonate  of  potassa^  An  orange-coloured  solution,  compos- 
ed of  potassa  and  chromic  acid,  is  thus  formed,,  to  which  sul- 
phuric acid  is  to  be  added.  On  evaporation,  crystals  of  chromic 
acid  are  formed,  along  with  the  sulphate  of  potassa.  Or  the 
acid  may  be  obtained  by  adding  nitrate  of  baryta  to  the  chro- 
mate of  potassa  and  subsequently  decomposing  the  chromate  of 
*baryta  which  falls,  by  sulphuric  acid. 

Chromate  of  iron,  howerer,  from'  the  great  plenty  in  which  it  is  found,  is  a  Proc«it  for 
much  cheaper  source  of  chromic  acid.  After  reducing  it  to  fine  powder,  it  is  obtaining. 
to  be  mixed  with  half  its  weight  of  nitrate  Of  potassa,  and  heated  »troiigly  for 
an  hour  or  two  in  a  crucible.  The  mass  is  to  be  repeatedly  digested  with 
water,  and  the  coloured  liquids,  which  are  slightly  alkaline,  saturated  with 
Ditric  acid,  and  concentrated  by  eyapuration,  till  no  more  crystals  of  nitre  can 
be  obtained  from  them.  The  yellow  liquid  being  now  set  aside  for  a  week  or 
two,  deposits  a  copious  crop  of  yellow  crystals  in  small  needles.  These  are  to 
be  separated,  dissolved  in  water,  and  crystallized  over  again.  They  are  then 
sufficiently  pure  chromate  of  potassa.  Prom  the  solution  of  these  crystals,  or 
indeed  from  the  yellow  liquid,  nitrate  of  mercury  throws  down  a  red  powder, 
which  is  chromate  of  mercury.  When  sufficiently  heated,  this  compound  is 
decomposed,  and  yields  chromic  acid  or  chromic  otide,  from  either  of  which 
metallic  chromium  may  be  obtained  by  beating  it  violently  with  charcoal  in  a 
crucible.     H.  2.  6^4  .,^ 

1538.  Chromic  acid  is  of  a  red  colour  ;  its  taste  is  sour  and  Propertiai. 
metallic,  and  it  may  be  obtained  from  its  aqueous  solutions  in 
prismatic  crystals,  of  a  ruby  colour.     When  heated  red  hot,  it 
gives  out  a  portion  of  oxygen,  and  becomes  the  green  protoxide '; 

it  imparts  colour  to  the  ruby. 

1539.  FluO'Chromic  acid  gas. — When  a  mixture  of  flnor  piuochromic 
spar  and  qhromate  of  lead  is  distilled   with  fuming  or  even  *^°*'*«"- 

common  sulphuric  acid  in  a  leaden  retort,  a  red-coloured  gas  is 

— ^— ^— ^— ^— '   ■  .      I.  ■  ■  ■ 

♦  Tfaomsoo.  t  Soc  Q^ttrt.  Jour.  x.  N.  P.  22(*. 

%  For  a  new  process,  ice  Brewster*s  JaW'  xrii.  175. 
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disengaged,  which  is  composed  of  fluoric  and  chromic  acids. 
This  gas  acts  rapidly  on  glass,  with  deposition  of  chromic  acid 
and  formation  of  fluo-silicic  acid  gas.  It  is  absorbed  by  water, 
^nd  the  solution  is  found  to  contain  a  mixture  of  fluoric  and 
chromic  acids.  The  watery  vapour  of  the  air  eflects  its  decom- 
position, so  that  when  mixed  with  air,  red  fumes  appear,  owing 
to  the  separation  of  minute  crystals  of  chromic  acid. 

This  gas  may  be  regarded  as  a  compound  of  fluorine  and 
chromium. 
Chioro-chro-  1540.  Chtoro-chromtc  acid  gas. — ^This  compound  is  formed' 
acid  fu.  jjy  ^jj^  action  of  fuming  sulphuric  acid  on  a  mixture  of  chro- 
mate  of  lead  and  chloride  of  sodium.  It  is  a  red  coloured  gas 
which  may  be  collected  in  glass  vessels  over  mercury.  It  is 
decomposed  instantly  by  water,  and  yields  a  solution  of  muri- 
atic and  chromic  acids.  It  may  be  regarded  either  as  a  com- 
pound of  muriatic  and  chromic  acids,  or  of  chlorine  and  chro- 


mic 


mium.* 


chromateof       1541.  Chromate  of  Potassa   forms  crystals  the  primary 

^^*^'        shape  of  which  is  a  right  rhombic  prism.t     Their  colour  is 

an  intense  lemon  yellow,  with  a  slight  shade  of  oraoge.     The 

colouring  power  of  this  salt  is  so  great  that  1  grain  in  40,000 

f rains  of  water  Xorms  a  solution  which  is  perceptibly  yellow, 
ts  taste  is  cooling,  bitter,  and  very  disagreeable,  remaining 
long  in  the  mouth.  One  hundred  parts  of  water  at  60°  dissolve 
about  48  parts,  but  boiling  water  dissolves  almost  any  quantity. 
It  is  insoluble  in  alcohol.  Its  solution  in  water  decomposes 
mftst  of  the  metallic  salts ;  those  of  lead  of  a  beautiful  yellow 
colour,  now  much  used  as  a  pigment ;  those  of  mercury  of  a* 
finp  red ;  copper  and  iron  reddish  brown  ;  silver,  dark  red. 
According  to  Dr  Thomson,  chromate  of  potassa  is  composed  of 

'  1  atom  of  chromic  acid =  62 

1     do.  of  potassa =  48 

100 

Bi-^shromate.  1542.  Bi-chromate  of  Potassa, — When  to  a  solution  of 
these  crystals  in  water,  such  a  quantity  of  sulphuric  acid  is 
added,  as  to  -give  the  liquor  a  sour  taste,  and  it  is  set  aside  for 
24  hours,  small  regular  needles  are  deposited  ;  or  sometimes 
rectangular  tables  of  considerable  size>  and  of  a  beautiful  orange 
red  colour.  These  crystals^  are  the  bi-chromate  of  potassa. 
They  are  much  less  soluble  in  water  than  the  chromate ;  for  100 
parts  at  60°  Fahr.  dissolve  only  about  10  parts.  The  solution 
has  an  intense  orange  colour,  and  reddens  vegetable  blues. 
This  salt  is  composed  of 

t  atoms  or  chromic  acid  =  104  ....    68,42t 
1  atom  of  potaisa    .    . .  =   48  •    .    .    .    31,579 

152  100.    H.  2.64. 


*  Thepe  pnies  were  discovered  bj  M.  Unverdorbcn.— -R<(m.  Jour,  of  Science,  No.  vli. 

t  -Ann,  of  Vhilot,  ti.  130.  %  Figured  bj  Mr  Levj,  in  Quart.  Jour,  zy. 
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1549.  The  chromates  of  ammonia,  soda,  lime,  and  magnesia  ^||^7|^ 
are  soluble  and  crysiallizable,  and  of  an  orange  colour.  The  or  ftminomft 
chromates  of  baryta  and  strontia  are  difBcultly  soluble,  and  may  •^•***^»*^ 
be  formed  by  adding  chromate  of  potassa  or  soda  to  their  solu* 
ble  saline  compounds.  The  other  insoluble  metallic  chromates 
may  be  formed  in  the  same  way,  and  their  colours,  which  are 
various  and  beautiful,  often*  enable  us  to  judge  of  the  nature  of 
the  metal  present.  Thus  chromate  of  soda  forms  insoluble  pre- 
cipitates in  solutions  of  silver,  mercury,  lead,  copper,  iron  and 
uranium ;  the  colours  are  crimson,  red,  orange  or  yellow,  apple- 
green,  brown,  and  yellow.  It  forms  no. precipitate  in  solutions 
of  nickel,  zinc,  tin,  cobalt,  gold,  or  platinum  ;  whence  perhaps, 
it  may  be  inferred,  that  the  chromates  of  the  latter  metals  are 
solifble.  The  reddish  brown  chromate  of  copper  which  is  pre- 
cipitated from  sulphate  of  copper  by  chromate  of  potassa,  is 
soluble  in  dilute  ammonia  forming  a  clear  solution  of  a  deep 
green  colour.* 

The  chromates  are  decomposed  by  muriatic,  nitric,  and  sul-  Action  of 
phuric  acids.    Muriatic  acid,  heated  with  the  chromates,  evolves  ^'^^ 
chlorine,  the  chromic  acid  being  reduced  to  the  state  of  oxide,  t 

1544.  The  principal  use  to  which  chromium  has  been  applied,  xjwn. 
is  the  preparation  of  the  beautiful  pigment^  chromate  of  lead, 
known  in  commerce  by  the  name  o[  chrome  yellow.     It  is  pre- 
pared by  mixing  the  solutions  of  chromate  t>f  potassa  and  nitrate 

or  acetate  of  lead.  Nineteen  parts  of  bi-chromate  of  potassa 
decompose  41,5  of  dry  nitratp  of  lead.  The  insoluble  chromate 
of  lead  consists  of  1  atom  of  chromic  acid  +  1  atom  of  protoxide 
of  lead.t 

1545.  The  chromate  of  lead  is  found  native.        It  is  of  a  chromattor 
rich  yellow  colour,  and  is  employed  in  the  arts  of  painting  and  **^^ 
dyeing.     A  di-chromaie  of  lead,  composed  of  1  atom  of  chro- 
mic acid  and  2  atoms  of  the  protoxide  of  lead,  may  be  formed 

by  boiling  carbonate  of  lead  with  an  excess  of  chromate  of 
potassa.  It  is  of  a  beautiful  red  colour,  and  has  been  recom- 
mended by  Mr  Boidams  as  a  pigment.§ 

It  appears  probable,  also,  from  the  experiments  of  Lassaigne,|| 
that  chromium  admits  of  being  successfully  applied  to  the  arts 
of  dyeing  and  calico-printing ;  and  in  the  latter  very  striking 
effects  have  already  been  produced  on  the  large  scale.  H.  The 
green  oxide  of  chromium  is  occasionally  used  in  porcelain  and 
enamel  painting. 


Section  XXVII.     Tungsten. 

1546.  Tungsten,  or  Tungstenum,  signifies  a  heavy  stone,  and  2l!!!!l°^^ 
is  a  name  given  by  the  Swedes  to  a  mineral,  which  Scheele  "^^ 

*  Qu€rt.  Jtw,  xiz. 

t  The  most  eorreet  detmih  rwpoetiof  the  ehromatof  that  hare  been  pabliabed  are  to  be  foood  la 
Vaaqoelio'a  £a««|r  .^unaiet  4§  CAta«0,  Ixx.  t  Thomaon. 

^  BMn,  Jntr.  ^  PMOm,  itt.  45.  U  jfsB.  d*  OUm,  tt  Pk§t»  ziv.  »9,  z«.  78»  and  x?i.  40S. 
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Oxidw 


H.  Wb'h1or*8 
proeetf    for 
obtaining 
lunatic  acid. 


found  to  contain  a  peculiar  metal,  as  he  supposed  in  the  state  of 
an  acid,  united  with  lime.  The  same  metallic  substance  was 
afterwards  found  by  Don  d'Elhuyarts  united  with  iron  and 
manganese  in  wolfram.* 

1547.  The  metal  is  obtained  by  exposing  a  mixture  of  tungstic 
acid  and  charcoal  to  a  strong  heat.  It  is  difficult  of  fusion,  very 
hard,  brittle,  and  of  an  iron  colour.  Its  specific  gravity  is  17,5. 
By  the  action  of.  heat  and  air,  tungsten  is  converted  into  an 
oxide  which  is  of  a  yellow  colour.  It  has  been  called  by  some 
Scheeliuniy  by  others  wolframium. 

Wolfram  is  found  in  primitive  countries  generally  accompa- 
nying tin  ores ;  its  colour  is  brownish  black ;  it  occurs  massive 
and  crystallized,  its  primitive  form  being  a  rectangular  parallel- 
opiped.     It  abounds  in  Cornwall. 

It  may  be  decomposed  by  ignition  .with  three  timen  its  weight  of  nitre  ;  the 
fiiBifd  masD,  dir^ested  in  boiling  water  and  filtered,  furni&het  a  ftoliition,  which 
npon  the  addition  of  muriatic  acid,  gives  a  precipitate  regarded  by  Scheele  as 
tungstic  acid,  bat  which  in  fact  it  a  compound  of  muriatic  and  tungMic  acids 
and  potaasa.  •  Dis»olve  this  in  boiling  carbonate  of  potatna,  precipitate  hj 
muriatic  acid,  wash  the  precipitate,  and  digest  it  in  nitric  acid.  Then  wash 
and  dry  it,  and  it  is  pure  tungsiic  acid.t 

1548.  Native  Tungstate  of  Lime  is  a  whitish  semi-transpa- 
rent substance,  found  in  England,  Saxony,  Bohemia,  and  Swe- 
den, and  occuring  crystallized  and  massive.  Its  most  usual 
form  is  the  octoedron.  It  may  be  decomposed  by  fusion  with 
four  parts  of  carbonate  of  pota$sa,  the  fused  mass  is  digested 
in  about  twelve  parts  of  boiling  water,  and  filtered.  Nitric  acid 
precipitates  the  peroxide. 

Tungstate  of  lime  wasfound  by  Klaproth  to  consist  of  77,75 
acid -f  22,25  lime;  but  Berzelius  states  its  components  to  be 
80,4  acid  +  1 9,6  base. 

1549.  There  are  two  oxides  of  tungsten,  the  brown,  and  the 
yellow  or  tungstic  acid. 

1550.  The  brown  oxide  is  formed  by  transmitting  hydrogen 
gas  over  tungstic  acid  in  an  ignited  glass  tube.  It  takes  fire 
when  heated  in  the  air,  and  burns  Jike  tinder,  passing  into 
tungstic  acid. 

It  had  been  remarked  by  M:  Wohler,  that  when  a  mixture  of 
tungsten,  potassa,  and  muriate  of  ammonia,  is  heated  together 
the  tungstic  acid  is  reduced  by  the  hydrogen  of  the  ammonia 
to  an  oxide,  which  separates  when  the  mass  is  dissolved  in 
water.  This  property  he  has  applied  to  the  preparation  of 
tunt^stic  acid  in  the  following  manner.  A  mixture  of  powder- 
ed wolfram  and  carbonate  of  potassa  is  fused  ;  the  tungstate  of 
potassa  is  dissolved  in  water,  and  a  sufficient  quantity  of  muri- 
ate of  ammonia  then  added.  The  liquor  is  evaporajed  to  dry- 
ness, and  the  mass  fused  in  a  Hessian  crucible,  till  the  muriate 
of  ammonia  is  entirely  decomposed  and  evaporated.  By  dis- 
solving the  fluid  mass  in  water,  a  black  powder  separates,  which 


*  Awn*  ie  Chim.  et  Phyt-  iii.  i61. 


t  Bttcholz,  as  qaotod  by  Thomson,  S^wtewt  ti.  123. 
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is  oxide  of  tungsten.  This  is  boiled  with  a  weak  solution  of 
potassa,  to  remove  a  small  quantity  of  acid  and  difficultly  solu- 
ble tungstate  of  potassa,  and  then  washed  with  abundanee  of 
distilled  water.  This  oxide  when  heated  in  an  open  crucible, 
burns  vividly,  and  is  changed  into  a  yellow  powder,  which  is 
tungstic  acid.     H.  2.  696. 

1551.  Tungstic  Acidy  or  Peroxide  of  Tungsten^  is  taste-  ivopertiei. 
less  and  insoluble. in  water;  its  specific  gravity  is  6.     When 
viAently  heated,  it  becomes  green,  grey,  and  black,  probably 

from  the  loss  of  oxyen.  It  combines  with  several  of  the  metal- ^ 
lie  oxides,  and  with  alkaline  bases  forming  salts  called  tung- 
states.  It  was  found  by  Guyton  to  give  considerable  perma- 
nence to  vegetable  colours ;  hence  it  probably  might  prove 
useful  in  the  art  of  dyeing  were  it  more  abundantly  procurable. 
It  is  com]>osed,  according  to  Bucholz  of  80  tungsten  and  20  compoiition 
oxygen,*  supposing  the  acid  to  consist  of  an  atom  of  metal  and 
3  atoms  of  oxygen  this  would  give  96  for  the  equivalent  of 
tungsten,  and  120  for  that  of  tungstic  acid.     H.  2.  66. 

1552.  Tungsten  and  Chlorine. — Sir  H.  Davy  found  that  cworida. 
metallic  tungsten  burns  with  a  deep  red  }ight  when  healed  in 
chlorine,  and  produces  a  white  substance  which  is  decomposed 

by  the  action  of  water,  into  tungstic  and  muriatic  acids.  M. 
Wohlert  has  shown  the  existence  of  three  compounds  of  chloriue 
and  tungsten.  , 

When  metallic  tungsten  is  heated  in  chlorine,  it  takes  fire  apd 
burns  into  a  chloride,  with  a  minimum  of  chlorine.  The  com- 
pound appears  sometimes  as  delicate  fine  needles,  of  a  deep  red 
colour  resembling  wool,  but  more  frequently  as  a  fused  deep 
red  compact  mass,  with  the  brilliant  fracture  of  cinnabar. 
When  heated,  it  fuses,  boils,  and  yields  a  red  vapour.  In  water 
it  gradually  decomposes,  producing  muriatic  acid  and  oxide  of 
tungsten.  This  compound  dissolves  involution  of  pure  potassa, 
evolving  hydrogen,  forming  chloride  of  potassium,  and  tung- 
state of  potassa.     Similar  effects  take  place  in  ammonia. 

1553.  When  the  black  oxide  is  heated  in  chlorine  in  a  tube,  Porchionde. 
combustion  takes  place,  dense  fumes  are  formed,  which  ulti- 
mately produce  a  thick  sublimate  of*white  scales,  resembling  in 
appearance  native  boracic  acid;  this  is  the  perchloridp  of  tung- 
sten.    In  the  air  it  gradually  becomes  tungstic  and  muriatic 

acids :  the  change  is  more  rapid  in  water.  It  is  volatile  at  a 
low  temperature,  without  previously  fusing.  Heated  on  plati- 
num foil  it  is  also  decomposed  into  muriatic  and  tungstic  acid. 

1554.  The  third  compound,  on  the  composition  of  which  no 
experiment  has  been  made,  is  generally  formed  at  the  same 
time  with  the  perchloride,  but  in  small  quantity.  It  has  been 
obtained  by  heating  the  suiphuret  of  tungsten  in  chlorine. 
This  is  the  most  beautiful  compound  of  all,  existing  in  long 
transparent  crystals,  of  a  fine  red  colour ;  it  readily  fuses,  and  on 


*  Thraard,  TraiU,  3.  400  edit.  4.   U.  114.  t  ^xn.  de  Chim.  29.  ^.-^PkUot,  Mag.  60.  S63. 
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cooling  crystallizes  id  long  needles.    It  is  volstiley  and  instantly 
changes  in  contact  with  the  air  into  tungstic  acid.     Thrown  into 
water  it  swells  like  caustic  lime,  disengages  heat,  a  slight  noise 
is  beard,  and  it  is  instantly  changed  into  tungstic  acid.* 
Saiphonu  1555.  Berzelius  has  lately  examined  the  sulphuret  of  tung* 

sten^  with  the  view  of  determining  the  capacity  of  saturation  of 
.  the  metal.  He  heated  together  one  part  of  powdered  tungstic 
aeidy  and  four  of  sulphuret  of  mercury.  The  latter  metal  was 
expelled  and  a  blackish  grey  compound  remained,  not  u&lne 
sulphuret  of  copper.     On  analysis  it  afforded 


Tuni^tten 
SuJphur   , 


74,891 
25,109 


100     . 
35,63 


Atoau. 
.     1  =:  96 
.    2  =  34 


100,  130 

One  hundred  parts  of  the  sulphuret,  calcined  so  as  to  expel 
the  sulphur  and  oxidize  the  metal,  gave  93,5  of  tungstic  acid ; 
and  as* that  quantity  of  acid  must  contain  74,891  metal,  100 
should  contain  80,09,  which  agrees  with  the  experiment  of 
Bucholz.  It  may  be  remarked,  that  the  sulphur  in  the  sulphu- 
ret is  rather  more  th^n  double  the  oxygen  in  the  new  oxide 
obtained  by  Berzelius,  but  the  difference  is  not  greater  than  may 
be  accounted  for  by  the  unavoidable  errors  of  the  experiments. 
Consisting  of  two  atoms  of  sulphur  and  one  of  metal,  it  is  in 
fact  to  be  cdnsidered  as  a  bi-sulphuret  of  tungsten.     H.  2.  67. 

Some  of  the  tungstates  have  been  examined  by  Scheele,  and 
others  by  Vauquelin  and  Hecht^t  but  their  history  remains  very 
imperfect.  I 


Section  XXVIII.     Columbium. 

iHMOT«r7.  1556.  This  metal  was  discovered  in  1801,  by  Mr  Hatchett, 
in  a  black  mineral  in  the  British  museum,  which  had  been  sent 
by  Gov.  Winthrop  to  Sir  Hans  Sloane,  from  the  vicinity  of 
New-London  in  Connecticut. 


Tungttnie 
of  poiaiM, 


—  ofioda, 


—  of  limei 

—  ofmafftie- 
■ia. 

—- of  roanga- 
oese,  &c. 


«  M.  Wb'bler.  t  Journal  du  Minea,  N.  19. 

X  Ttmggtate  of  AmmamAa  ii  proeurad  to  cryatallioa  lealea,  of  a  oMlallic  taate,  by  digeatinf  tha 
acid  IB  ammooia  or  ita  carbonate.  It  cootaina,  aeeordiog  to  VaaqneUo,  7&of  acid,  and  S3  ammoota 
and  water.  TSnigBtMUof  PotaM9a\»  uncTjntaJUEabla  and  deUqooacent.  The  aeida  ooeaaion  pro- 
cipitatM  in  ita  aolution,  which  are  triple  compouoda  of  toogatie  acid,  potaaia,  and  the  acid  uaed 
aa  precipitant.  The  /fitrotuugataU  of  PoUsta  is  the  aali  originally  deacribed  by  Scheele  aa 
tungatio  acid.  It  diMolvea  in  SO  pari*  of  water,  at  819^,  and  reddena  litnras.  TSemgtUU  of  Soda 
cryatallisGs  in  hcxaCdral  tablea,  solabla  in  4  of  eoid|  and  9  parte  of  boiling  vater,  and  of  an  acrid 
taate.  Sulphuric,  nitric,  and  mniiatie  acida  occaaion  frecipitataa,  aa  in  the  tvngatate  of  potaaaa. 
Twnfttate  of  Limfi,  of  Borfta^  and  of  StrontitL,  are  inaoiuble  white  eompoonda.  TrntgoUM  ^ 
MagmHa  ii  obtained  by  boiling  the  acid  with  magneaia,  filtering,  and  evaporating ;  it  cryatallixea  in 
pearly  acalet.  The  acida  prnduoe  precipitntea  of  triple  componnda  in  ita  eolation.  TmngoUU  ^ 
Manguntoe^  formed  by  adding  tangatate  of  potaaaa  to  muriate  of  nangaoeae,  ia  an  inaolabie  white 
powder.^  TungstaU  of  Iron  ia  alio  iniolublo :  TnnfOt^Ae  of  Zime  and  •/  Tin  have  not  been 
examined,  nor  have  any  of  the  remaining  tnngatatoa  been  examined  in  their  pure  itata. 

%  John,  (2«hlcn*a  Jommal^  iv. 
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By  alternate  fusion  with  potassa,  and  digestion  in  muriatic 
acid,  the  mineral  was  decomposed  ;  the  acitl  combining  with 
oxide  of  iron,  and  the  alkali  with  a  peculiar  metallic  acid,  sepa- 
rable by  the  addition  of  diluted  nitric  acid,  which  threw  down 
a  copious  white  sediment. 

1557.  A  metal  analogous  in  its  properties  to  columbium,  was  TaDtaiito  ami 
discovered  by  Mr  Ekeberg,  a  Swedish  chemist,  in  two  di&erent  JST**"**' 
fossils,  called  Tantalite  and  Yttro-tantalite.     To  this  metal  he 

gave  the  name  of  ianialum* 

1558.  Columbium  may  be  procured  from  columbite  or  tanta-  ProMafor 
lite,  by  the  following  process:  oohtmUuin. 

Mix  five  parti  of  the  fiiielj  powdered  mineral  with  25  ofcarbonate  ofpotafsa, 
and  10  of  borax ;  fo^e  the  iDixtnre,  and  when  cold  digest  it  in  muriatic  acid ; 
thii  ditnolTea  evtry  thin?  except  the  oxide  of  columbium,  which  remains  in  the 
form  of  a  white  powder.f    From  5  grains  of  columbite,  Dr  WoUastou  obtained 

Oxide  of  columbium  4  grains 
— ^^  iron    .    •    i 
— —  manganese  } 

From  5  gta\a%  of  tantalite  he  procured 

Oxide  of  columbium  4^  grains 
— —  iron     •    •    i 
— ^^  manganese  JL 

1559.  Berzelius  is  the  only  person  who  has  obtained  metallic  Berceiiua' 
columbium.     His  method  consisted  in  introducing  the  oxide,  ^^*^' 
which  had  previously  been  strongly  heatedi  into  a  cavity  about 

one  inch  and  a  half  deep  and  of  the  diameter  of  a  goose-quill, 
artificially  formed  in  a  piece  of  charcoal.  To  this  cavity  a 
stopper  of  charcoal  was  fitted,  and  the  whole  closed  in  a  Hes- 
sian crupible  was  exposed  to  a  violent  fire  during  an  hour. 

He  has  more  lately  obtained  colutnbium,  by  acting  with  potas- 
sium on  the  fluo-tantalate  of  potassa.  The  mixture  when  heated 
enters  into  ignition,  fluate  of  potassa  is  formed^  and  may  be 
separated  by  water  from  the  revived  columbium.  The  colour  5]^lJJj£f  **^ 
of  the  metal  is  perfectly  black,  but  when  dried  It  takes  a  polish 
by  friction  and  becomes  of  an  iron-grey  colour.  It  is  an  ex- 
tremely bad  conductor  of  electricity.  I^  is  not  attacked  by 
nitric  or  muriatic  acid  separately  applied,  and  in  a  very  slight 
degree  by  nitro-muriatic  acid.  Sulphuric  acid  has  no  action  on 
it,  even  at  a  boiling  heat,  or  when  mixed  with  nitric  acid.  Flu- 
oric acid  dissolves  it  with  an  extrication  of  hydrogen  gas,  and 
the  mixture  becomes  hot. 

1560.  The  eharacters  oi  white  oxide  of  columbium  are  very  wuteoxids. 
well  marked.     It  is  nearly  insoluble  in  muriatic,  nitric,  and 
sulphuric  acids ;  it  is  very  soluble  in  potassa,  and  carbonate  of 
potassa ;  8  grains  of  the  latter,  fused  with  one  of  the  oxide  ren- 
der it  soluble  in  water.     It  is  much  less  soluble  in  soda,  and 

only  retained  while  hot.  From  the  readiness  with  which  this 
oxide  combines  with  potassa  Mr  Hatehett  called  it  eolumbic 
acid. 


•  The  \Amaaltf  of  Umm  metrnk  wm  Mtablithed  io  1800  by  Dr  WoOafton. 
t  WoUastou  PkU*  Trsa«.  1809,  p.  MB. 
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1561.  When  the  metal  is  heated  il  catches  fire  before  becom- 
ing red-hot,  and  burns  vividly,  at  the  same  time  that  it  is  con- 
verted into  columbic  acid ;  but  as  several  circumstances  prevent 
the  increase  of  weight  from  being  accurately  determined,  Ber- 
zelius  investigated  the  composition  of  the  acid,  by  acting  on  the 
suiphuret,  artifi<?ially  prepared.  In  this  way  he  ascertained  the 
composKion  of  columbic  acid  to  be 

Columhiufn    .     . 
Ozygeu      •     •     . 

Precipitated  from  muriatic  acid  by  potassa,  and  dried  at  a  gen- 
tle heat,  columbic  acid  forms  a  hydrate  consisting  of 


Ooliinibato  of 
polnKKO. 


Teiv 


N 


Poonliar 
ebarncter. 


88,4(r7  or  100 
11,513  '^     13,011.. 


Columbic  acid 
Water  •    .     . 


88,83 
11,17 


And  the  o^ide  containing  two-thirds  of  the  oxygen  in  the  acid^ 
is  composed  of 

Columbium       ....     1^,019  or  100 
Oxygen 7,781   "       8,674» 

1562.  *  Columbaie  of  Potassa^  as  appears  from  Mr  Hatchett's 
experimenls,  forms  white  glittering  scales,  like  boracic  acid. 
Acids  precipitate  the  columbic  acid  from  this  solution. 

1563.  Infusion  of  galls,  added  to  the  solution  of  columbate  of 
potassa  produces  a  very  characteristic  orange-coloured  precipi- 
tate. Neither  ferro-cyanate  of  potassa,  nor  hydro-sulphureis, 
occasion  any  change. 

There  is  a  character  very  peculiar  to  the  oxide  of  columbium, 
which  is  its  ready  solubility,  in  tartaric,  citric,  and  oxalic  acids. 
In  all  thes^  cases  the  newly  precipitated  oxide  must  be  used, 
for  when  dried,  it  becomes  very  intractable. 
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1564.  Nickel  is  found  native,  and  is  a  constituent  of  mete- 
oric iron.  It  occurs  likewise  in  the  copper-coloured  mineral 
of  Westphalia,  termed  copper  nickel^  a  native  arseniuret  of 
nickel,  which,  in  addition  to  its  chief  constituents,  contains  sul- 
phur, iron,  cobalt,  and  copper.  From  this  mineral  the  oxalate  of  " 
nickel  may  be  prepared  by  a  process  similar  to  that  for  forming 
the  oxalate  of  cobalt.     (1427)t 

1565.  Metallic  nickel  which  may  be  prepared  either  by  heat- 
ing the  oxalate  in  close  vessels,  or  by  the  combined  action  of 
heat  and  charcoal  or  hydrogen  on  the  oxide  of  nickel,  is  of  a 
white  colour,  intermediate  between  that  of  tin  and  silver. 


*  .7nk.  ir  Chim.  et  de  Phf».  xxix.  303. 

t  Pur  nil  nrntuni  ofothnr  methods  of  ohtaininf  pure  nickol,wc  Henry's  C%ewu  %  160;  and  QiMrt. 
Jour.  44.  GUO.    On  iho  separation  of  arsenic  from  nickel,  soo  Quart.  Jour,  H»  £.  iii*  909. 
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1566.  Dr  Clarke,  of  Cambridge,  (Eng.)  has  shown  that  crys- 
tals of  nitrat^  of  nickel,  when  placed  in  a  cavity  scooped  out  of 
a  piece  of  charcoal,  and  exposed  to  the  oxy-hydrogen  blpw-pipe, 
afford  a  bead  of  metallic  nickel.  This,  however,  is  a  process 
obviously  adapted  to  yield  only  very  minute  quantities  of 
nickel.*     H.  2.  170. 

1567.  Nickel  acts  upon  the  magnetic  needle,  and  is  itself  PropertiM. 
capable  of  becoming  a  magnet.     It  is  difficultly  fusible,  but 
absorbs  oxygen  readily  when  heated  red-hot.     It  is  malleable, 

and  its  specific  gravity  is  about  8,5. 

1568.  Nickel  appears  to  be  susceptible  of  two  different  states  OxidM. 
pf  oxidation.     By  long  exposure  to  a  red  heat,  with  free  access 

of  air,  it  is  converted  into  a  dark  brown  oxide,  which  is  still 
magnetic.  In  oxygen  gas  it  burns  vividly,  and  throws  out 
sparks.  When  precipitated  from  its  solution  by  alkalies,  and 
moderately  ignited,  it  becomes  of  an  ash-grey  colour  with  a 
slight  tinge  of  blue  or  gj^een,  and  in  this  state  consists,  according 
to  Klaproth,  of  100  metai  +  51,5  oxygen.  By  farther  ignition, 
it  becomes  blackish  grey,  and. then  consists,  according  to  Rich- 
ter,  of  100  metal  and  28,2  oxygen.  The  composition  of  the 
oxides  is  stated  very  differently  by  different  chemists.  Accord- 
ing to  Lassaigne,  the  oxide  obtained  by  gently,  calcining  nitrate 
of  nickel  consists  of 

ft 

Nickel      .    •     •    83,34    ...     100    ...     1  atom  =s  40  OompMitkiif 

Ozjgen    .     .    .     IbM     ...      20    ...     1      ^'     s     8 

100  48  . 

Dr  Thomson,  from  the  composition  of  the  sulphate,  derives 
26  for  the  atomic  weight  of  nickel,  and  34  for  that  of  the  pro- 
toxiJe.  Mr  Phillips  considers  29  and  Mr  Brande  30  as  the 
equivalentof  the  metal. 

15t)9.  Thenard  describes  a  hhck  peroxide  of  nickel,  obtained  Pwoiide. 
by  passing  a  current  of  chlorine  gas  through  water  in  which  the 
hydrate  is  suspended.  It  evolves  chlorine  from  muriatic  acid, 
and  has  several  analogies  with  oxide  of  manganese.  In  a  suffi- 
ciently high  temperature,  these  oxides  are  reducible  without 
addition,  nor  is  nickel  more  tarnished  by  a  strong  heat  than 
gold,  silver,  or  platinum.     H.  2«  172    . 

1570.    Nickel  and  CAforin«.-*When   nickel  is  heated   in  cuoridf. 
ehlorine  gas,  an  olive-coloured  compound  is  obtained,  which  is 
probably  the  bi*chloride.     The  proto-chhride  is  obtained  by 
evaporating  and  strongly  heating  the  muriate:  it  forms  brilliant 
yellow  scales. 

.1571.  Iodide  of  Nickel  may  be  formed  by  adding  solution  of  lodidt. 
hydriodate  of  potassa  to  sulphate  or  nitrate  of  nickel ;  it  is  of  a 
green  colour,  and  insoluble. 

1572.  The  appropriate  solvents  of  nickel  are  the  nitric  and  Aedmiefiu- 
nitro-muriatic  acids.     The  nitric  solution  has  a  beautiful  grass-  nuutieMid? 

•  Ann.  •S  PAfiM.  xiv.  p.  14S. 
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gfeen  colour,  and  on  evaporation  affords  rhomboidal  crystals. 
Carbonate  of  potassa  throws  down  an  apple-gremi  precipit.ite, 
which  assumes  a  dark  grey  colour  when  heated.  The  fixed 
alkalies  occasion  a  bulky  greenish  white  precipitate,  which,  is  a 
hydrate  or  hydro-oxide  of  oickel,  composed  of  76  per  cent,  of 
the  protoxide  and  24  water. 

When  pure  ammonia  is  added  to  nitrate  of  nickel  a  precipi- 
tate is  formed,  resembling  that  which  is  separated  by  ammonia 
from  a  solution  of  copper,  but  not  of  so  deep  a  hue.  This  col- 
our changes,  in  an  hour  or  two,  to  an  amethyst  red,  and  to  a 
violet;  which  colours  are  converted  to  apple-green  by  an  acid, 
and  again  to  blue  and  violet  by  ammonia.  If  the  precipitate 
retain  its  blue  colour,  the  presence  of  copper  is  indicated.* 
This  precipitate,  which  is  a  hydrate,  is  redissolved  by  an  excess 
of  ammonia;  and  by  this  property  the  oxide  of  nickel  may  be 
separated,  in  analysis,  from  those  of  almost  all  other  metals. 

1573.  Sulphuret  of  Nickel,  Solutions  of  all  the  salts  of 
nickel  are  decomposed  by  alkaline  hydro-sulphurets,  with 
which  they  form  black  precipitates;  but  sulphuretted  hydrogen 
has  no  effect  on  them.  Nickel  may,  however,  be  combined 
directly  with  sulphur  by  fusion,  and  forms  a  grey  compound 
with  a  metallic  lustre* 

The  protO'Sulphuret  contains  34  per  cent,  of  sulphur ;  and 
the  bi^sulphuret^  which  may  be  formed  by  heating  the  protox- 
ide with  sulphur,  contains  43,5  per  cent,  of  sulphur.t 

1574.  Sulphate  of  Nickel  is  tormed  by  digesting  the  oxide 
in  dilute  sulphuric  acid.  A  bright  green  solution  is  formed, 
which  affords  quadrangular  prismatic  crystals,  soluble  in  about 
3  parts  of  water  at  60°.  Their  taste  is  sweet  and  astringent. 
This  salt  is  also  obtained  by  heating  common  nickel  in  sulphuric 
acid  with  the  occasional  addition  of  nitric  acid. 

According  to  Dr  Thomson:^  ^^'^  ^^^^  consists  of 

Sulphuric  acid       .    .    «    .    29,2    or    1  atom    =  40 
Protoxide    ......    24,8    "      1      "      =  34 

Water 46,0    «^    •?  atoms  =  63 

From  which  he  deduces  the  equivalent  number  of  nickel  3,25 
B  26,  oxygen  being  considered  as  8. 

1575.  Nickel  and  Carbon. — Nickel  is  susceptible  of  uniting 
with  carbon,  and  is  apt  indeed  to  form  this  union  when  reduced 
from  its  salts  by  carbonaceous  matter.  According  to  Mr  Ross, 
it  composes  a  substance  resembling  iodine  or  micaceous  iron 
ore.§|| 

1576.  Carbonate  of  Nickel  is  precipitated  in  the  form  of  a 
green  powder,  when  carbonate  of  potassa  is  added  to  sulphate 


*  Sichtar,  in  ^ieholson^s  Journal^  ztt. 
fMrE.  Dftvy. 
t  First  Prin.  u.  333. 

i  Jinn,  of  PhUcs.  N.  B.  ii.  02, 149,  and  iii.  901. 

\\  PhotpkaU  of  Jfickd  being  nearly  iniolublo,  b  preeipiUtod  apon  tddiof  i4HMpJi«t«  of  soda  to 
•ohitioD  of  nickel.    It  b  of  a  paJo  greon  colour. 
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of  Dickel.  It  is  probably  a  compound  of  1  proportioaal  of  each 
of  its  components.* 

1577.  Ferro-cyaoate  of  potassa  occasions  a  very  characteristic 
pale  ^rey  precipitate  in  dilute  solutions  of  nickel:  in  concen* 
trated  solutions  the  precipitate  is  pale  green. 

1578.  Arseniate  of  poiassa,  dropped  into  nitrate  of  nickel 
occasions  the  precipitation  of  a  pale  green  arseniate  of  nickel. 

1579.  The  salts  of  nickel  are  distinguished  by  the  fine  green 
colour  of  their  solutions,  and  by  afibrding  a  green  precipitate  curaeim 
with  ammonia,  soluble  in  excess  of  th*at  alkali,  when  it  assumes  ^^^  ^ 
a  blue  colour.     The  yellow  green  precipitate  afibrded  by  hydri- 

odate  of  potassa  is  very  characteristic  of  nickel ;  but  the  nicest 
test  of  its  presence  is  the  ferro-eyanate  of  potassa. 

1580.  Of  ihe'^iloi/3  gf  Nickel ^^\  with  iron  forms  the  prin-  AOoyi. 
cipal  metallic  ingredient  in  those  lapideous  masses,  which,  in 
different  countries,  have  fallen  n!H}n  our  globe,  and  which  have 
been  tei^med  aeroliieSy  or  meteonc  sionesA 

1581.  In  meteoric  iron  the  proportion  of  nickel  varies  con-  M«toon« 

siderably.     In  a  specimen  from  the  arctic  region  Mr  Brande       ' 

found  3,2  per  cent.^     In  that  from  Siberia  Mr  Children  found 

nearly  10  per  cent. 

The  analysis  may  be  performed  by  solation  in  nitro-mariatic  acid ;  (he  iron 
i§  thrown  down  bv  excew  of  amraouia  in  the  state  of  peroxide,  of  which  100 
grains  indicate  70  of  metallic  iron;  it  is  separated  by  filtration,  washed  and 
dried,  and  on  evaporatinf^  the  filtrated  liquor  and  beatine^  its  dry  residue  red-hot, 
the  oxide  of  nickel  is  obtained,  which  should  be  redissolved  in  nitric  acid  and 
precipitated  by  |»crre  potassa,  the  mixture  beinc;  boiled  for  a  few  second^.  100 
grains  of  thb  oxide  of  nickel  are  equal  to  79  of  metallic  nickel.} 

1582.  Meteoric  iron  has  been  imitated  by  fusing  iron  with  >»itat«d. 
nickel.     The  alloy  of  90  iron  with  10  nickel  is  of  a  whitish 
yellow  cast,  and  not  so  malleable  as  pure  iron.     The  alloy  with 

3  per  cent,  of  nickel  is  perfectly  malleable  and  whiter  than  iron. 
These  alloys  are  less  disposed  to  rust  than  pure  iron,  but  nickel 
alloyed  with  steel  increases  the  tendency  to  rust.|| 

1583.  The  remaining  alloys  of  nickel  have  been  little  exam* 
ined.  With  copper  it  forms  a  hard  white  alloy,  which  appears 
to  be  the  white  copper  of  the  Chinese. 

1584.  To  detect,  in  a  general  way,  the  presence  of  nickel  in  Dr  Woiiaf. 
iron,  Dr  WoUaston  recommends  that  a  small  quantity  (which  S'*'i'Sc2iJi 
need  not  exceed  j^i^  of  a  grain)  should  be  filed  from  the  speoi*  ■i«k*ii«ir»»^ 
men,  dissolved  in  a  drop  of  nitric  acid  ;  and  evaporated  to  dry- 
ness.    A  drop  or  two  of  pure  liquid  ammonia,  added  to  the 

dry  mass  and  gently  warmed,  dissolves  any  nickel  that  may  bo 
present.  The  transparent  part  of  the  fluid  is  then  to  be  led  by 
the  end  of  a  glass  rod,  to  a  small  distance  from  the  precipitated 

*  Borate  of  Jfiekel  is  a  pai«  green  insoltble  compoond. 

t  For  «o  sceouot  of  meteoric  iUiims,  masses  of  iron,  See.  which  have  falloa  from  the  haaTons,  ftooi 
the  earlieet  period  down  to  1819,  eea  Xditu  Fhiloo.  Jour,  toL  i.  p.  ttl.— Bet  abo  deaveland*! 
MtmertUofff  p<  T73. 

t  ^uoHerlf  Joitmal^  vi.  309. 

^  Children,  Quarteriff  Jomntal,  ix.  3U. 

H  Sto4ait  and  Faraday,  (tureri^  Jowmtl 
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oxide  of  iron ;  and  the  addition  of  a  drop  of  triple  prussiate' 
of  potassa  detects  the  presence  of  nickel  by  the  appearance  of  a 
milky  cloud,  which  is  not  discernible  in  the  solution  of  a  simi- 
lar quatitity  of  common  wrought  iron  treated  in  the  same 
manner.    H.  2.  175. 


Section  XXX.    Mercury. 


1585.  Mercury,  or  quicksilver,  is  the  only  one  of  the  metals 
that  retains  a  fluid  form  at  the  ordinary  temperature  of  the 
atmosphere. 

^■**  The  principal  ore  of  this  metal  is  the  sulphuret,  or  native 

cinnabar^  from  which  the  mercury  is  separated  by  distillation 
with  quicklime  or  iron  filings. 

1586.  Mercury  is  a  brilliant  white  metal,  having  much  of  the 
colour  of  silver,  whence  the  terms  hydrargyrutn,  argentum 
vivunif  and  quicksilver.  .  It  has  been  known  from  very  remote 

BoUingpoinu  ages.  According  to  Crichton  it  boils  and  becomes  vapour  at 
656°  F.,  680""  according  to  Petit  and  Dulong,  670''  Brande. 
It  also  rises  in  vapour  in  small  portions  at  the  common  t^m- 
peratlire  of  the  atmosphere,  particularly  in  a  vacuum. 

When  the  temperature  of  mercury  is  considerably  increased 
above  its  boiling  point,  the  vapour  acquires  great  expansive 
force,  and  the  power  of  bursting  the  strongest  vessels.  Gay- 
Lussac  has  calculated  that  the  vapour  of  mercury  is  12,01  more 
dense  than  oxygen  gas,  and  that  the  liquid  metal  in  becoming 
gaseous,  increases  in  volume  961  times. 

jp*>Mtaf'  1587.  When  the  temperature  of  mercury  is  reduced  to  about 

39°  or  40°  below  zero  of  Fahrenheit,  it  becomes  solid  (147.) 
and  malleable. 

By  congelation  it  acquires  an  increase  of  specific  gravity;  and, 
therefore,  unlike  other  metals,  the  congealed  portion  sinks  to 
the  bottom  of  a  fluid  mass  of  mercury.  Its  specific  gravity, 
at  47°  above  0  of  Fahrenheit,  being  13,545,  it  was  found  in- 
creased by  congelation,  in^^n  experiment  of  Mr  Biddle,  to 
15,612,  or  about  one-seventh.     H.  2.  123. 

Adulteration,      1588.  Mcrcury  is  sometimes  adulterated  with  the  alloy  of 

■AWOBtfiCtfiU      «  «  A  * 

'  lead  and  bismuth,  a  fraud  easily  detected  by  the  want  of  its  due 
fluidity,  and  by  its  not  being  perfectly  volatile,  but  leaving  a 
residuum  when  boiled  in  a  platinum  or  iron  spoon.* 


*  Mercury  wbirh  ii  chemically  impure  wiU  foon  acquire  adhesive  films  on  itt  mrface,  vveo  whe« 
cloamed  of  mechanical  impurities,  and  with  a  rapidity  dependent  on  the  agitation  of  the  motal  oc 
totttuioo  of  iUY&o*.    These  interfere  chemically  when  the  metal  is  to  be  used  in  forming  combina* 
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1589.  Mercury  and  Oxygen. — -Mercury  is  not  oxidized,  Oxidei. 
when  pure,  at  the  ordinary  temperature  of  the  atmosphere;  but 
preserves  the  lustre  of  its  surface  unchanged  for  a  considerable 
time.     There  are  several  methods,  however,  by  which  it  may 

be  brought  to  combine  with  oxygen. 

1590.  There  are  two  oxides  of  mercury.     The  blacky  or  pro*  Protozidou 
toxide^  may  be  obtained  by  long  agitation  of  the  metal  in  con- 
tact with  oxygen^or  by  washing  the  prolo-chlaride  qf  mercury 
(calomel)  with  hot  lime-water.     It  is  insipid  and  insoluble  in 
water,  and  was  called  in  old  pharmacy,  E/hiops  per  se*     In 

this  the  oxide,  is  mixed,  however,  with  much  metallic  mer- 
cury. 

1591.  The  red  or  peroxide  of  mercury  is  produced  by  ef  pos-  Peroxide. 
ing  the  metal,  heated  nearly  to  its  boiling  point,  to  the  action  of 

air.  It  becomes  coated  with  reddish  brown  scales,  spangles, 
and  crystals,  and  is  ultimately  entirely  converted  into  a  red 
shining  mass,  called  in  old  pharmaceutical  works,  precipitate 
per  se^  or  (Mlcined  mercury.  It  is  the  hydrargyri  axidum 
rubrum  of  the  London  Pharmacopoeia. 

It  it  ino»t  easily  obtained  by  introdacing  into  a  flat-bottom  matrice,  6^.  120*,  PI.  vU. 
aboat  4  onnces  of  mercury,  and  placing  it  in  a  •and-bafh,  heated  to  the  boiling  iiowobtun* 
point  of  the  metal.     In  about  a  month's  time  nearly  the  whole  is  conrcrted  into  ed. 
oxide.     Air  i«  freely  admitted  by  the  tube,  while  its  length  prevents  the  escape 
of  mercnri^l  vapour,  which  condentes  and  falls  back  into  the  body  of  the  ves- 
sel {  the  remaining  portion  of  running  mercury  may  t>e  driven  off  by  exposing 
it  in  a  basin  to  a  heat  ju9t  below  redne^. 

1592.  Peroxide  of  mercury  has  an  acrid  metallic  taste,  and  Properties 
is  poisonous ;    it  dissolves  very  sparingly  in   water.      When 
heated,  it  acquires  a  black  colour,  but  becomes  again  red  on 
cooling ;  at  a  red  heat  it  evolves  oxygen,  and  is  reduced  to  the 
metallic  state.     It  should  be  entirely  volatilized  when  placed 

upon  a  red-hot  iron,  for  it  is  sometimes  adulterated  with  red 
lead. 

Peroxide  of  mercury,  Guibourt  finds,  is  decomposed  by  long  Action  of 
continued  exposure  to  light.     It  is  soluble  in  water,  and  com-  *'«'**'*•'• 
municates  to  it  the  property  of  turning  syrup  of  violets  green, 
and  of  being  precipitated  by  sulphuretted  hydrogen.     With 
ammonia,  the  peroxide  forms  an  ammoniuret  of  tnercury^  de« 
composable  by  heat.     li.  2.  126. 


tioiw,  and  ineebaniealljr  in  its  uees  in  the  trough  in  electro^inagneUc  ezpffrimcnts,  and  in  the  con- 
■truclion  of  barometora  and  thermomoten. 

The  purification  of  raorcury  from  metalt  by  diitiJlation  ibould  bo  perfonncd  in  an  iron  retort,  a 
portion  of  clean  iron  and  oop|ier  filings  having  been  introduced  with  the  mercury,  which  ihouM  bo 
eondcn*ed  and  received  in  clean  water.  Thii  procew,  however,  ii  not  wholly  aoobjeclionabloi  ai 
both  sine  and  araenic  will  pam  over,  and  theae  melala  are  often  present.  A  very  usefui  method  is  to 
put  from  half  an  inch  tu  an  inch  in  depth  of  mercury,  into  a  la^e  e-jf  iheoware  pan,  and  to  pour  over 
it  sulphuric  acid  dilated  with  twice  its  woigjit  of  water.  T)io  substances  should  be  loft  together  for  a 
woek  or  two,  being  freqnootly  agitated.  The  metal  and  acid  are  then  to  be  separated,  the  latter  pro- 
sorved  for  a  similar  operation  in  future,  and  the  former  washed,  dried  and  cleansed  mechanically,  by 
squeeaing  through  shamois  leather,  by  agitation  with  damp  loaf  sugar,  paaaing  througb'a paper  fuiutel, 
Jtc  — iJee  Faraday's  Chem,  Manip,  Mct*  xx. 

*  It  is  the  Jfffirvgfri  Oxultm  emtmm  of  tba  U.  8.  Phannaeopouai 
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1593.  It  appears  iVom  the  researches  of  Donovan*  and  Sef- 
8trom,t  which  are  confirmed  by  Dr  Thomson,  that  these  oxides 
are  thus  constituted : 

Metml.  Oxygen. 

Protoxide    ;    .     .     .    200     ....      8  =  208 
Peroxide      ....     200     .     .     .     .     16  =  21$ 

1594.  Mercury  unites  easily  with  chlorine,  and  if  heated  in 
that  gas,  burns  with  a  pale  red  flame.  The  product  is  identical 
with  the  salt,  called  corrosive  sublimale^  which  in  fact  is  a  chlo- 

Chlorides,  fj^jg  of  mcrcury,  and  is  termed  per-chloride  or  bi-chhride  to 
distinguish  it  from  calomel.X  another  compound  of  the  same 
eleit^ents  in  different  proportions. 

Proto-chio-  1595.  ProtO'Chloride  of  Mercury. — This  compound,  com- 
monly termed  calomeL  is  first  mentioned  by  Crollius,  early  in 
the  seventeenth  century.  The  first  directions  for  its  preparation 
are  given  by  Beguin,  in  the  Tyrocinium  Chemicufn,  published 
in  1608.     He  calls  it  draco  mi tigaius,§ 

-Cftloniol  how  I'h^  most  useful  mode  of  preparing  calomel  consist!  in  triturating  two  partf 
prepared.  of  corrosive  »ablimate  witt)  one  of  mercury,  aotil  the  global^  disappear,  and 
the  whole  assumes  the  appearance  of  an  bomoeeneous  trey  powder,  which  is 
introduced  into  a  matrice,  placed  in  a  ^and  he4i,  and  gradually  raised  to  red- 
ness. The  calomel  suhlimef,  miied  with  a  little  corrosive  sublimate,  the  greater 
part  of  which,  however,  being  more  volatile  than  the  ealomel,  rises  higher  ia 
the  matrice  ;  that  which  adheres  to  the  calomel  maj  t>e  separated,  bj  reducing 
the  whole  to  a  6ne  powcier,  and  washing  in  large  qaantities  of  hot  distilled 
water.     Pare  calomel,  in  the  form  of  a  yellowish  white  insipid  powder^  remains.^ 

1596.  It  will  be  observed,  that  in  the  processes  the  operation 
consists  in  reducing  the  perchloride  to  the  state  of  protochio* 
ride  by  the  addition  of  mercury.  Various  modes  have,  ho«v- 
'  ever,  been  adopted  for  the  direct  formation  of  calomel :  two  of 
these  may  here  be  noticed, of  which  the  first  is  in  the  humid  way, 
as  devised  by  Scheele  and  Chenevix.     They  are  given  below.T 

•  jfim.  of  PkUot,  xiv.  t  Ihid.  HI.  S5S. 

X  In  the  U.  S.  Pkarmacopma  they  are  termed  #ii^iiii(rjate  of  vurtwrg  and  oxfrnvriate  efmtre»r§. 

$  Several  other  fanciful  namea  have  boeo  applied  lo  it,  soch  m  af«u/a  mUgat^  mamia  mdalitfrraii 
pnukymafogHm  laaiuraltf,  aubUwuUwm  diUce^  mereurhit  dulds^  ^e. 

11  It  was  formerly  the  custom  to  eubmit  calomel  to  very  numerous  aublimations,  under  the  idea  of  , 
Tendering  M^mitd  ;^but  these  often  toDiled  to  the  production  of  corrosive  sublimate ;  and  the  calomel 
of  the  first  subltmationf  especially  if  a  little  excess  of  norenry  be  found  in  it,  n  oAeo  more  |nire  thaa 
that  alfoided  by  fuhsequent  operations. 

The  following  are  the  directions  given  in  tho  last  London  Ph^rmacofmo, : 

*'  Take  of  oxy muriate  of  mercury,  1  lb. 

— — — ~  purified  mercury,  fry  toeigkL,  9  ox. 


Rub  them  togetlier,  until  the  metallic  globules  disappear ;  then  sublime :  take  out  tho  sublimed  mass, 
seduce  it  to  powder,  and  sublime  it  in  the  same  manner  twice  more  sucoeasiraly.  Lastly,  bring  it  to 
the  utate  of  a  very  fine  powder  ;  throw  this  into  a  large  vessel,  full  of  water;  then  stir  it,  and,  alW 
a  short  interval  pour  the  supernatant  turbid  solution  into  another  Teasel,  and  aet  it  by,  that  tha 
powder  may  subsftle.    Lastly,  having  poured  away  the  water,  dry  the  powder." 

PowelPs  Tranolation  oftkt  London  Pkaxmaeopm^  London,  1815,  p.  144  and  99.  See  ako  V.  S. 
PAomaeo^tfia,  14L 

TT  Form  a  nitrate  of  mercury,  by  dissolving  as  much  mercury  as  poasiUe  ia  hot  nilrle  acid ;  tbea 
dissolve  in  boiling  water  a  quantity  of  common  salt,  equal  to  half  the  weight  of  the  BMrenry  oeed^ 
and  render  the  sohition  sensibly  sotir  by  muriatic  acid,  and  poor  the  hot  oitiate  of  BMiCtt?y  into  H. 
Wash  and  dry  the  precipitate. 

If  this  process  be  carefully  performed,  and  the  precipitate  thorooffhly  edulcorated,  the  oaloBMl  i« 
sofllcienily  pure. 

Xhn  second  process,  however,  or  that  by  which  ealoinel  is  diraetly  fomtd  in  the  dry  way,  aiipaan,. 
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1597.  Proto-chloride  of  mercury  is  usually  seen  in  the  form  cbaractem 
of  a  white  mass,  of  a  crystalline  texture,  and  when  very  slowly 
sublimed,  it  often  presents  regular  four-sided  prisms,  perfectly 
transparent  and  colourless.     Its  specific  a;ravity  is  7,2.     It  is 
tasteless,  and  very  nearly  insoluble  in  water.     It  can  scarcely 

be  called  poisonous,  since  in  considerable  doses  it  only  proves 
purgative.  By  exposure  to  light  it  becojnes  brown  upon  its 
surface.  If  scratched,  it  jicives  a  yellow  streak,  which  is  very 
'characteristic,  and  does  not  belong  to  the  perchiorlde.  When 
very  finely  levigated  it  becomes  of  a  buflT  colour. 

It  consists  of  I  proportional  of  mercury  200  +  1  proportional  compotiUon. 
of  chlorine  36,  and  its  representative  number  is  236. 

Or,  Mercarj     .    .    •    .    .    85    .     .    .    •     100      1  atom  200 
Cliloriue 15    ...    .       17,6  1      «'       36 

100.  236.» 

1598.  It  is  decomposed  when  boiled  with  a  solution  of  muri-  DocompoMd 
ate  of  soda,  and  still  more  readily  and  completely  by  rhuriate  IlJ,Soniii!" ''^ 
of  ammonia,  which  converts  it  entirely  into  bi-chloride  and 
mercury,   the  former  remaining  in   solution.!      If  therefore 

either  of  these  salts  be  employed,  as  is  recommended,  to  dis- 
solve any  corrosive  sublimate  remaining  in  calomel,  they  should 
be  used  only  in  cold  and  very  dilute  solutions.     H. 

1599.  Perchhride  of  Mercury — Bichloride^  or  corrosive  PercWoride, 
sublitnatCy  may  be  obtained  by  a  variety  of  processes.  iabiimSi^* 

When  mercury  is  heated  in  chlorine,  it  burns  with  a  pale 
flame;  the  gas  is  absorbed,  and  a  white  volatile  substance  rises, 
which  is  the  perchloride. 

It  may  also  be  obtained  by  dissolving  peroxide  of  mercury  in 
muriatic  acid,  evaporating  to  dryness,  re-dissolving  in  water, 
and  crystallizing. 

1600.  The  ordinary  process  for  making  corrosive  sublimate  Thaoryof uw 
consists  in  exposin;<  a  mixture  of  chloride  of  sodium  (common  ^"^^^ 
salt)  and   bi-sulphate  of  the  peroxide  of  mercury,  to  heat  in  a 

flask,  or  other  proper  sublimin<r  vessel ;  a  mutual  decomposition 
ensues.  The  chlorine  of  the  common  salt  unites  to  the  mer- 
cury of  the  sulphate,  and  forms  bi-chloride  of  mercury.  The 
oxygen  of  the  oxide. of  mercury  converts  the  sodium  of  the  salt 
into  soda,  which,  with  the  sulphuric  acid,  produces  sulphate  of 

on  the  whole,  the  laait  exoeptionable  for  the  production  of  thii  very  important  article  of  pharmar  j ; 
it  i»  the  method  followed  at  Apotheeariea*  Hall,  laaction  having  been  obtained  for  ita  adoption  frum 
the  College  of  Phyaiciaoa. 

SO  Iba  of  mercury  are  boiled  with  70  Ibi  of  tulphurie  acid,  to  drynen  in  a  eaat-iron  Teasel :  62  !ba 
of  the  dry  aalt  are  triturated  with  40  1-S  Ibt  of  mercury*  until  the  globulea  diiiappear,  and  34  ll»s  of 
common  aalt  are  then  added.  This  mixture  ia  aubmitted  to  heat  in  earthen  vcaaels,  and  from  95,  to  100 
Iba  of  calomel  are  the  reaolt-  It  ia  lo  be  waahed  in  large  qnantitiea  of  diatilled  water,  aAer  hnving 
been  gruuod  to  a  fine  and  impalpable  powder. 

*  JWUiM  CkUritU  of  Jterenrjf  or  mereurial  Aem  ore^  haa  been  found  in  Germany,  Francu,  and 
SiMin,  uaually  cryHaJliaed,  and  aomotimea  inctuating  and  maaaive. 

t  Qaor.  Jeitr.  xviii.  995. 
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Ftrchloride  of  Mercury. 


CHAP.  IV* 


soda.     This  decomposition  is  exhibited  by  the  folio  wing  dia- 
gram: 


1  proportional  ofperchlorido  of  mercury  ^  273. 


v^'f: 


Mercury  9U0 


Chlorine  73 


tfompoiitioii. 


Gharttcten. 


Sulphuric  acid  80 


) 


190  chloride 
ofiodium. 


+ 


Oxyjpn  16 


+ 


Sodinm  48 


2  propertlonak  ol'euiptjate  of  aoUa  ^  14l»* 

• 

^.1601.  By  the  quantity  of  chlorine  absorbed  by  a  given 
weijj;hl  of  mercury,  we  learn  that  the  perch loride  of  mercury 
consists  of  I  proportional  of  mercury  =  ^00  +  2  proportionals 
of  chlorine  =  72,  consequently  its  representative  number  is 
272. 

1602.  Perchloride  of  mercury  is  usually  seen  in  the  form  of 
a  perfectly  white  semi-transparent  mass,  exhibiting  the  appear- 
ance of  imperfeci  crystallization.  It  is  sometimes  procured  ia 
quadrangular  prisms.  Its  taste  is  acrid  and  nauseous,  leaving 
a  peculiar  metallic  and  astringent  flavour  upon  the  tongue.  It 
dissolves  in  20  parts  of  water  at  60^,  and  in  about  half  its 
weight  at  212°.  It  is  more  soluble  in  alcohol  than  in  water. 
When  heated,  it  readily  sublimes  in  the  form  of  a  dense  white 
vapoui'y  strongly  affecting  the  nose  and  mouth.  It  dissolves 
without  decomposition  in  muriatic,  nitric,  and  sulphuric  acids: 
the  alkalies  and  several  of  the  metals  decompose  it.  It  produces, 
with  muriate  of  ammonia,  a  very  sohible  compound ;  heice  a 
solution  of  ^1-ammoniac  is  used  with  advantage  in  washing 
calomel  to  free  it  from  corrosive  sublimate. 

1603.  Protochloride  and  perchloride  of  mercury  are  decom- 
posed by  potassa,  soda  and  lime;  the  former  affords  black 
{hydrargyri  oxidum  cinereum  of  the  London^  and  U.  S. 


*  The  following  are  the  oflkial  directioos  of  the  London  {and  U.  S.)  PAarauuropiFia,  for  the  pre- 
pa  ration  of  corrosive  sublimate,  there  termed  oxymuriaU  ofmtrcnry. 
**  Take  of  purifitul  mercury,  fry  vfcigkty  2  lbs. 

■     ■ulphuric  acjd»  Ay  weight,  30  ox. 
■  ■■■  —  dried  muriate  of  soda,  4  Ibi. 
Boil  the  merrnry  with  the  sulphuric  acid  in  a  glam  veifael,  nntll  the  lulphale  of  mercury  is  left  drr. 
Rub  this  whun  it  is  cold  with  the  muriate  of  soda  in  an  earthen- ware  mortar;   then  sublime  it  in  a 
giaKS  cu-curhit,  increniinj  the  heat ; raiiuaiiy.**— PowoIPs  Tran*>latian. 

The  quantity  of  common  salt  employed  in  this  process  is  nhviously  too  large ;  in  practice,  however, 
wc  find  that  mote  than  the  real  quantity  decomposed,  and  shown  in  the  above  table,  it  requirod. 

Tlie  following  is  the  procew  employed  at  Apothecaries'  Hall  for  the  Armation  of  corrosive  auKU* 
mate :  50  lbs  uf  morrnry  are  boiled  to  dryness  with  70  lbs  of  sulphuric  acid.  73  lbs  of  persulphate  of 
nirrcury  arc  thus  formod,  which  bvin;^  perfectly  mixed  with  ISO  lbs  of  comuion  lah  and  iubliqied, 
vii'ld  from  fSA  to  65  lbs  of  corrosive  tubliBjate.    B. 
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Pharmaeopmay)  the  latter  red,  oxide  of  meroury ;  and  the 
ehlorides  of  potassium,  sodium,  and  calcium,  are  produced.* 

1604.  When  solution  of  ammonia  is  poured  upon  calomel, 
protoxide  of  mercury,  and  muriate  of  ammonia,  are  the  results; 
but  ammonia,  added  to  a  solution  of  corrosive  sublimate,  occa- 
sions a  white  precipitate  of  a  Iripie  muriate  qf  ammonia  and 
mercurj/A 

1605.  The  presence  of  mercury  in  a  fluid  supposed  to  contain 
•orrosive  sublimate  may  be  detected  by  concentrating  and 
digesting  it  with  an  excess  of  pure  potassa.  The  oxide  of  mer- 
cury, which  subsides,  is  then  sublimed  in  a  small  glass  tube  by 
means  of  a  spirit  lamp,  and  obtained  in  the  form  of  metallic 
globules.it  A  very  elegant  method  of  detecting  the  presence  of 
mercury  is  to  place  a  drop  of  the  suspected  Jiquid  on  polished 


*  Tbe  following  diagrami  ihow  the  intarebsofB  of  eloments  tlntt  ttkM  plaeo  in  iIm 
H  aolotion  of  potama  to  prvtochloride  aod  pcrcluorida  of  mercury. 


af  adduil 


1  proportiooaf  of  chloride  of  potasbiom  ^  70. 


I 


t  proportional  of 
protoeUorMe  of 
ntrciuy  S36. 
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t  p^MIPIIbnal  of 
porcnloride  of 
jB««-cury  £=  278. 
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PoCaw^mn 
40 


1  propof  tioDal  of 
potatw  sstf. 


Moreory 
SOO 
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1  proportional  of  protoxide  of  mercury  ss  908. 
8  proportionals  of  chloride  of  potoetium  =s  158. 


Chlorine 
78 


Potaninm 
SO    I 


8  proportiooali  of 
potaanasSS. 


Merenry 
800 


Ox 


'IT 


t  A  compound  of  thh  kind  hai  long  been  lued  in  pharmacy,  under  the  name  of  calz  kvdr^gfH 
Mlbo  or  whiU  precipitttU,    The  London  whd  U.  8.  Phannaeopoim  direct  tbe  foUowing  proeeei  for  iti 

formation'  * 

Take  of  oiymariate  mercury  1-8  lb. 
■  muriate  of  ammonia  4  ox. 

tolntion  of  eubcarbonate  of  potaMal-3  pint 

■  diittUed  water  4  pints. 
TirNt  diMoWe  the  muriate  of  ammonia,  then  the  oxymoriate  of  oMrenry,  in  the  diitiUed  water,  and  add 
Uieroto  the  eolotion  of  tobearbonate  of  potawa.    Wash  the  precipitated  powder  until  it  become! 
tasteleM :  then  dry  it. 
In  the  U.  8.  Phar.  it  it  termed  Hydrargfri  SmbmrnHaa  ^mrngniatta* 

X  According  to  Dr  Chriitieon,  this  and  other  procesMs  recommended  by  medical  joriste  for  the  de- 
i,«Gtion  of  eorrosivd  rablimate  in  mixed  fluids,  are  not  altogether  satisllMtory. 
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gold,  and  to  tmieh  the  moistened  surface  with  a  ptece  of  iron 
wire  an  the  ppint  of  a  penknife,  when  the  part  touched  instantly 
becomes  white,  owing  to  the  formation  of  an  amalgam  of  gold. 
T.  435.* 

euontt.  1606.  Chhraie  of  Mercury. — Chloric  acid  dissolved  both 

the  Qxidea  of  mercury ;  the  protochioraie  has  the  appeararroe  of 
a  yellowish,  granular  powder,  sparingly  soluble  in  hot  water. 
And  of  a  meretirial  taste.  The  perehlorate  forms  white  aeicu- 
lar  crystals,  having  the  acrid  flavour  of  the  perchloride.t 

1607.  Mercury  and  Bromine. — By  the  action  of  bromine 
pa  metaliie  mercury,  a  compound  results  which  yields  the  per- 
oxide of  mercury  when  decomposed  by  alkalies,  and  is  a  bi- 
bromuret.  It  may  be  sublimed  by  heat,  is  soluble  in  water, 
atcohoi,  and  ether,  particularly  in  the  last,  and  presents  a  close 
analogy  to  oorrosive  sublimate.  It  is  distinguished  from  that 
aubstance,  however,  by  yielding  the  red  vapours  of  bromine 
when  treated  by  the  nitric,  and  still  better  by  the  sulphuric 
acid.     T. 

Aiduie.  1608.  Mercury  and  Iodine  unite  in  two  proportions.  These 

compounds  may  he  procured  either  by  gently  heating  mercury 
with  iodine,  or  by  adding  hydrfodic  acid  to  solutions  of  mer- 
cury. The  protiodide  is  yellow,  and  the  periodide  red .  They 
respectively  consist  of  1  proportional  of  mercury  f^- 1  of  iodine 
and  1  -}-  9.     They  are  both  insoluble  in  water.:^ 

mtifetM.  1609.  Mercury  and  Nitric  ^cid, — Nitric  acid   is  rapidly 

decomposed  by  mercury ;  nitrous  acid,  and  nitric  oxide  gases 
are  evolved,  and  either  a  protonitrate  or  a  pernifrate  of  mercury 
is  obtained,  according  to  the  mode  in  which  the  solution  is 
performed. 

1610.  ProtonUrate  of  Mercery  is  best  obtained  by  dissolv- 
ing the  metal  in  a  cold  and  dilute  acid,  consisting  of  one  part 
of  acid  and  three  of  water;  the  metal  should  be  added  in  small 
successive  portions  until  the  acid  ceases  to  act  upon  it,  and  care 
should  be  taken  to  keep  the  whole  cold.  This  solution  deposits 
transparent  crystals  which  consist  of  1  atom  of  acid,  1  of  pro- 
toxide, and  9  of  water. 

This  salt  dissolves  completely  in  water  slightly  acidulated 
with  nitric  acid,  but  in  pure  water  a  small  quantity  of  a  yellow 
sub  salt  is  generated.  * 

1611.  Pernitraie  of  Mercury. — When  mercury  is  dissolved 
in  hot  and  concentrated  nitric  acid,  it  becomes  peroxidized,  and 
furnishes  prismatic  crystals  of  the  pernitrate,  composed  of  1 
atom  acid  and  1  atom  of  peroxide.  Their  solution  furnishes 
yellow  or  red  precipitates  of  the  peroxide  of  mercury,  upon 
the  addition  of  potassa  or  soda,  and  ammonia  forms  a  white 
precipitate  which  is  a  triple  nitrate  cf  mercury  andammoni4M^ 

*  This  proccts  was  orifinalljr  ■iif|Wtod  by  Mr  Silvoitor,  ud  hu  liooe  been  auoplified  bj  Dr  Pavi«*( 
Medical  Juritpndente^  by  Paris  and  Fonblanquo. 

tVauquolitt.  ^^nnaUa  dc  Ckimicxci. 

X  Jedatc  of  JUercvry.— lodalo  of  ]»oUMa  oeeaiiont  a  precipitate  in  imytooitrate  of  aaercwry,  bivt  Wk^* 
in  the  pernitrate. 
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When  the  preOButions  id  formifig  the  nitrateis  above 
are  not  attended  to,  the  solution  usually  coataina  a  iniMture  of 
the  two  nitrates,  and  furnishes  a  preeipitale  with  the  alk&Kes^ 
composed  of  both  oxides.  The  pernitrate  is  most  certatnljr 
formed  by  dissolving  the  red  oxide  in  nitric  acid.* 

1612.  When  hot  water  is  poured  upon  pernitrate  of  meretfry^ 
a  yellow  insoluble  powder  separates  from  it,  whiek.i^  a  ntbper^ 
nitrate^  the  nitrous  turpeth  of  old  writers;  and  a  super-ptrfri^ 
irckie  remains  in  solution.  It  seems  probable  that  the  proto- 
nitrate  is  also  capable  of  affording  a  sub  and  super^  nitrate,  but 
all  these  compounds  have  hitherto  been  but  imperfectly  inveisd* 
gated,  and  new  researches  are  wanting  to  establish  thehr  iiattire 
and  composition. 

1613.  When  these  nitrates  of  mercury  are  exposed  to  heat  DwonpoMd 
gradually  raised  to  dull  redness,  nitric  acid  is  given  off*;  iod  «  ^i^^^ 
brilliant  red  substance  remains,  consisting  of  peroxide  of  mer« 

cury  with  a  small  portion  of  adhering  nitrate.  This  is  used  in 
pharmacy  as  an  escharotic,  and  is  called  in  the  U.  S.  Pharmaco* 
poeia  hydrargyri  niirico-oxidum.i 

1614.  Fulminaiing  Mercury, — Mercury  is  the  basis  of  a  Fjminatiiy 
fulminating  compound  discovered  bynhe  late  Mr  £.  Howard. 

To  prepare  thw  powder,  100  fcrains  (or  a  j^reater  proportional  qnuntiljr,  not 
exceeding  600*)  are  to  be  dittolved  with  heat,  in  a  meaanred  ounce  and  a  half 
of  nitric  acid.  I'be  solution  bein^  poured  cold  upon  two  measured  ounces  of 
alcohol,  preriously  introduced  into  a  conTcnieut  g^lass  vessel,  a  moderate  heat 
IS  to  be  applied  till  efiWr^escence  is  •excited.  A  white  fome  then  beg:tn>  to  tftt* 
dalaie  on  the  surface  of  the  liquor,  and  the  powder  will  be  fradoally  precipi* 
tated  on  the  cessation  of  action  and  reaction.  The  precipitate  ^  to  be  immedi* 
atelj  collected  on  a  filter,  well  washed  with  distilled  water,  'and  oantiously 
dried  in  a  heat  not  exceeding  that  of  a  watei^bath.  The  immediate  washing  of 
the  powder  if  material,  became  it  is  liable  to  tbe  reaction  of  the  nitric  aoid; 
and  while  any  of  that  acid  adheres  to  it,  it  is  very  subject  to  be  decomposed  by 
tbe  action  of  light.  From  100  grains  of  mercury,  about  120  or  130  of  tbe  pow- 
der are  obtaihed.f  , 

This  powder  has  the  property  of  detonating  loudly  in  a  gen- 
tle heat,  or  by  light  friction.  Hence  it  has  been  proposed  as  a 
means  of  firing  ordnance.  But  an  accident  described  by  Pro- 
fessor Silliman,  as  having  happened  in  his  laboratory ,  shows  that 
this  fulminating  compound  explodes  from  such  trifling  causey, 
as  not  to  be  kept  without  danger,  even  when  secured  from  fric- 
'■>'  '■■■'      '  '  — — — ^-^^ 

*  Aoeordinf  to  M.  Sooberaia,  if  ammonia  bo  added  gradually  to  a  vcrj  weak  tolotion  of  purs 
protonitrate  of  mercaiy,  two  precipitate!  are  obtaiovd,  ooo  of  a  grey  bincl-:,  ami  tho  other  white ;  the 
Jatlor  being  moft  abundant  the  nearer  tbe  precipitation  ia  t>  its  t'-Tmination.  If  the  precipitate  bo 
thrown  down  and  removed  la  aeparate  portions,  tho  whito  preperntion  may  be  obtained  nearly  pom; 
it  M  iosipid,  imMloroua,  aod  iusolablo  in  wotcr.  It  ia  not  attacked  by  canetic  alkaltea,  or  by  aitric  or 
snlpharie  acid.    Ita  oompoeition  ia,  4  atoms  of  protoxidOf  3  of  nitric  acid,  and  1  of  ammonia* 

Tbe  ammoniaoo-deato- nitrate  may  bo  obtained  by  adding  excen  of  ammonm  to  a  dilute  solution 
of  the  deuto-nitarate  of  mercury.  Tho  white  precipitate  obtained  is  ineoloble  in  water,  but  solo, 
ble  in  mariatic  add,  from  which  potasra  or  soda  precipitaiee  it:  ammonia  produces  a  precipitate  in 
tbe  solution,  reookible  in  eieeesof  the  alkali :  nitric  aod  soliilniric  acids  partlj  disstrfre  It^  It  eoa* 
taina  9  atoms  of  doutoxide  of  mercury,  1  of  ammoote,  and  1  of  nitric  acid.    BnU.  UmiV'  A.  Tii.  310. 

t  In  tho  manufacture  of  this  compound  at  Apothecaries*  Hall,  (bond.)  100  lbs  of  mercury  are  boil- 
ed with  48  lbs  of  nitric  aoid  (up.  gr.  1,48)  and  by  proper  OTaporation  and  application  of  a  dull  red  heat, 
lis  lbs  of  tbe  kffiitwrgvri  aa^rwoozMmn  am  obtained.    B. 

X  See  PhiU  TrmM.  18Q0,  p.  814. 
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tion  and  heat.*     H.  2.  130.     It  is  a  compound  of  mercury  and 
cyanic  acid.     799.t 

1615.  Mercury  and  Sulphur. — ^When  one  part  of  mercury 
is  triturated  for  some  time  with  three  of  sulphur,  a  black,  taste- 
less compound  is  obtained,  which  Mr  Brande  Has  shown  to  be 
a  mixture  of  sulphur  and  the  bi-sulphuret  of  mercury.^  It  was 
called  in  old.  pharmacy  Etfiiops  Mineral;  it  is  the  hydrargyri 
Bulphuretum  nigru^n  of  the  U.  S.  Pharmacopoeia. § 

The  same  substance  is  more  readily  formed  by  pouring  mfir- 
cury  into  melted  sulphur,  the  substances  quickly  combine,  with 
such  a  rise  of  temperature  as  often  produces  inflammation. 

1616.  There  is  some  diffieulty  in  ascertaining  how  far  these 
are  definite  compounds;  when,  however,  sulphuretted  hydrogea 
is  passed  through  a  dilute  solution  of  nitrate  of  mercury,  a  black 
powder  is  thrown  down,  which  appears  to  be  a  true  sulphuret, 
and  which,  according  to  6uibourt,||  consists  of  *100  mercury  + 
8,9  sulphur,  numbers  which  nearly  correspond  to 

1  proportional  mercury  =  200 
1  ..»-_^.  sulphur    =    16 

&u]|)liiiret  ormercory  ^216 

1617.  When  the  black  sulphuret  is  heated  red-hot  in  a  flask, 
a  portion  of  mercury  evaporates,  and  a  sublimate  of  a  steel  grey 
colour  is  obtained,  which,  when  reduced  to  a  fine  powder, 
assumes  a  brilliant  red  colour,  and  is  called,  vermtllion  or  cin- 
nabar. It  is,  in  fact,  2l  bi-sulphuret  (?/*  meretiry,  and  con- 
sists of 

1  proportional  of  mercury  =s  200 
2 aulpbiif  =s    S-i 

Bi-eulphuret  of  mercury  :=  232 

1618.  In  the  manufacture  of  cinnabar  8  parts  of  mercury  are 
mixed  in  an  iron  pot  with  one  of  sulphur,  and  made  to  combine 
by  a  moderate  heat,  and  constant  stirring:  this  compound  is  then 
transferred  to  a  glass  subliming  vessel,  (on  a  small  scale  a  Flor- 
ence flask  answers  perfectly,)  and  heated  to  redness  in  a  sand- 
bath  ;  a  quantity  of  mercury  and  of  sulphur  evaporate,  and  a 
sublimate  forms  which  is  removed,  and  rubbed  or  levigated  into 
a  very  fine  powder. 

1619.  Cinnabar  is  not  altered  by  exposure  to  air  or  moisture; 
when  heated  to  dull  redness  in  an  open  vessel,  the  sulphur 
forms  sulphurous  acid,  and  the  mercury  escapes  in  vapour.  It 
is  decomposed  by  distillation  with  fixed  alkalies,  lime,  and 
baryta,  and  by  several  of  the  metals.  When  adulterated  with 
red  lead  it  is  not  entirely  volatile. 

16'^0.  Cinnabar  may  be  made  in  the  humid  way  by  long  tri- 
turation of  mercury  and  sulphur  in  solution  of  potassa.T 


*  JJtner.  Jow  I  16'^.  t  ^ec  Fvlmwatimg  Silrer,  %  Quart.  Jow,  jrviii.  994. 

$It  IS  no  longer  rrt:tini>4l  in  the  London  PkarwMc«pmia»        U  •'^*M.  it  CkkM  tt  FAf9.  Tom.  |i« 
If  >>ick«ltvik*«  Jcttmnly  IT.  to  ii, 


SECT.  XXX.  Mercury  and  Cyanogen.  4SI 

« 

1621.  Native  Cinnabar  is  ihe  prindjjal  ore  of  mercury :  it  N»Uro 
occurs  massive  and  crystallized  of  various  colours,  sometimes  '^^■"•*>"- 
appearing  steel  grey,  at  others  bright  red.     Native  mercury, 

and  native  amalgam  of  silver  sometimes  accompany  it.* 

1622.  Mercury  and  Sulphuric  •^cid. — When  mercury  is  sniphatai. 
boiled  in  its  weight  of  sulphuric  acid,  sulphurous  acid  gas  is 
evolved,  a  part  of  the  metal  is  oxidized  and  dissolved  and  a 
white  deliquescent  mass  is  obtained,  which,  washed  with  cold 
water,  affords  a  very  difScultly  soluble  white  salt,  which  is  a 
proto-mlphate  of  mercury.     It  requires  500  parts  of  water  foi^ 

its  solution.     It  consists  of 

12  sTilphiiric  acid 
83  protoxide  of  meroorj 
6  water. 

According  to  theory,  it  should  consist  of  one  proportional  of  lalphuric  acid 
-f- 1  of  protoxide,  or 

40  sulphuric  acid 
fi08  protoxide  of  mercorj 

S48  sulphate  of  mercury* 

The  alkalies  precipitate  black  oxide  of  mercpry  from  this  salt. 

162^3.  If  three  parts  of  sulphuric  acid  be  boiled  to  dryness, 
with  one  of  mercury,  a  white  mass  oi  persulphate  of  mercury  Pewoiphateb 
is  obtained ;  it  is  more  soluble  than  the  sulphate  and  crystallizQs 
in  prisms.     According  to  Braamcamp  and  Oliva,  it  is  composed 
of  31,8  acid,  63,8  peroxide,  4,4  water. 

It  should  consist,  according  to  theory,  of  one  proportional  of 
peroxide  +  2  proportionals  of  acid. 

1624.  When  hot  water  is  poured  upon  persulphate  of  mer- 
cury, a  yellow,  insoluble  subpersulphate  is  formed,  formerly 
called  Turpeth  mineralA  It  appears  to  consist  of  1  propor- 
tional of  peroxide  +  1  of  acid. 

The  principal  use  of  sulphate  of  mercury  is  in  the  formation 
of  coripsive  sublimate  and  calomel. 

1625.  The  solutions  of  persulphate  of  mercury  furnish  red 
precipitates  with  the  fixed  alkalies,  and  .white  with  ammonia, 
the  latter  being  a  triple  sulphate  of  ammonia  and  mercury. 

1626.  Sulphuretted  hydrogen  produces  a  black  precipitate  in 
solutions  of  mercury  when  added  in  excess,  and  which  appears 
to  be  a  sulphuret  of  mercury  4 

1627.  Mercury  and  Cyanogen, — Cyanide  of  mercury  may 
be  prepared  by  boiling  in  a  matrice  eight  parts  of  water,  two  of 
finely  powdered  prussian  blue,  and  one  of  peroxide  of  mercury. 

'    ' '  ■  '  ■ '  ■   I  -.  — «, 

*  HjfpoftUpkiU  of  JHereury  appeara  not  to  exht :  wbrni  a  ■olation  of  a  hypovulpkito  ia  poured  iota 
a  very  dilate  solvtion  of  protoniuate  of  mercury  it  occauons  a  black  precipitate. 

t  Uydrarygi  guhwfdpKaa  fiatma  of  the  U.  8.  Phnrmacoposia. 

}  Pho$pkuret  ofMcrcurf  maybe  formed  by  boatiag  phosphorua  with  oxide  of  mercury.  It  ia  a 
aectile  solid  of  a  bluisiii  black  colour. 

WhoD  phosphate  of  soda  if  added  either  to  nitrate  or  pcmitrate  of  mercury,  a  white  precipitate  ia 
formed.  There  is  probabty  a  protopk^spAate  and  a  ptrphoapkate.  Tlie  latter  is  soluble  in  excess  of 
acid. 

Mereury  and  Carhcnie  JleiiL — ^Alkaline  carbonates  prmlocc  bofT-coloured  precipitates  in  solutiona 
mt  both  oxidw  of  mercury.    Thaaa  are  probably  the  protccarhoTMe  and  th^percarh^nuie. 


i 


4Xi  Ckromatt  qf  Mercury.  ^i^k^^.  it. 

When  the  liquid  assumes  a  yellow  coloar,  it  is  to  be  filteledy 
and  the  cyanide  of  mercury  is  deposited  in  a  crystallized  form, 
on  cooling.*  By  repeated  evaporation  and  cooling,  all  the  cya- 
nide that  is  capable  pf  crystallici&g  will  be  separated,  mingled, 
however,  with  some  oxide  of  iron.  To  purifyit,  Proust  recom- 
mends that  it  be  re*dissolved;  boiled  with  an  excess  of  oxide 
of  mercury  ;  and  again  filtered.  The  liquid  retains  an  excess  of 
the  oxide,  which  may  be  saturated  by  adding  hydrocyanic  acid, 
for  the  oxygen  instantly  passes  to  the  hydrogen  of  the  acid,  and 
tile  cyanogen  to  the  mercury.  The  cyanide  may  now  be  crys- 
tallized again;  and,  if  intended  for  the  preparation  of  cyanogen^ 
it  must  be  thoroughly  dried,  avoiding,  however,  more  heat  than 
is  absolutely  necessary.     H.  2.  129.t 

1688.  The  cyanide  of  mercury,  when  pure,  is  colourless  and 
inodorous,  has  a  very  disagreeable  metallic  taste,  and  is  highly 
poisonous.  It  does  not  afifect  the  coloUr  of  litmus  or  turmeric 
paper.  When  strongly  heated  it  is  converted  into  cyanogen 
and  metallic  mercury.  (777.)  It  is  more  soluble  in  hot  than 
in  cold  water,  and  is  dissolved  in  that  liquid  without  change. 
The  solution  has  .not  the  characteristic  odour  of  the  salts  of 
hydrocyanic  acid,  nor  do  alkalies  throw  down  the  oxide  of 
mercury. 

It  is  composed  of  200  parts,  or  I  atom  of  mercury,  and  52 
parts  or  2  atoms  of  cyanogen.     T.  437.:t 

1629.  Chromate  of  Mercury, — Chromate  of  potassa  throws 
ohromftto.     down  an   orange-coloured   precipitate   from   the   solutions  of 

nitrate  and  pernitrate  of  mercury. 

1630.  The  soluble  salts  of  mercury  furnish  whitish  precipi- 
eharmctenof  tstcs  witfa  fcrro-cyanatc  of  potassa,  and  black  with  sulphuretted 
Mcwy!  ^^   hydrogen.     A  plate  of  copper,  immersed  into  their  solutions, 

occasions  the  separation  of  metallic  mercury. 

The  insoluble  mercurial  salts  are  mostly  entirely  volatilized 
at  a  red  heat ;  if  distilled  with  charcoal,  they  afford  nKtallic 
mercury. 

1631.  Mercury  combines  with  most  of  the  other  metals,  and 
AioaigaB*.    forms  a  class  of  compounds  which  have  been  called  amalgams. 


*  OaMrihod  jfim.  o/Pkilot.  N-  S.  ti.  42.  AeeordiDg  tu  G«y«LuMao,  the  etjnrtab  tre  campcmA  of 
80  m«icary  -f-  90  cyuiogoii.  Tbey  probably  contaia  1  proportioiiaJ  of  mercury  and  2of  cjmDogoa.  B. 

t  Dr  Turnor  rocommendB  that  the  prtusian  blue  ahould  be  previonaly  purified  by  digettion  in  dilated 
mariatic  acid,  being  then  washed  and  dried,  8  parts  of  the  purified  substance,  with  11  of  the  peroxide 
of  mercury,  should  be  boiled  together  in  water ;  tJie  former  aobetaiKW  is  entirely  decomposed,  end  a^ 
colourless  solution  obtained,  which  on  eraporation  yielda  pure  white  ciyatals  «f  cyanide  of  mercury, 
even  to  the  last  drop.  He  also  lecommends  the  imparation  of  the  pore  ferro-cyanafe  of  iron  from 
the  ferro  cyanate  of  potassa  and  a  per-saJt  of  iron,  as  beii^  far  roose  economical  than  the  praasiaB 
blue  of  commerce.     Brewstot*s  Jovmitf,  v.  945. 

t  Berate  e/JVercary,  obtained  by  adding  borate  of  soda  to  nitrate  of  mercury,  is  a  yeDow  insoluble 
powder. 
Arseniatoib  Arseniaiee  of  Mereurg' — AiKeoic  acid  occasicn*  a  pale  yellow  precipitote  in  lolution  of  protom- 

trate  of  mercury,  and  a  yellowisJi  white  precipitate  in  solution  of  the  peruittato.    Arsesiuna  acid  pi«« 
duces  white  precipitates  in  both  solution*. 

Molybdift  acid  occasionji  a  white  prcci^Hate  ill  solution  of  nitrate  of  mercury. 
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These  are  generally  brittle  or  soft.  On«  part  of  potassium  with 
70  of  mercury  produce  a  hard  brittle  compouoa.  If  mercury 
be  added  to  the  liquid  alloy  of  potassium  and  sodium,  an  * 
instant  solidification  ensues^  and  heat  enough  to  inflame  the  lat- 
ter metal  is  evolved.  The  use  of  an  amalgam  of  zinc  and  mer- 
cury has  already  b^en  adverted  to  for  the  excitation  of  electrical 
machines.  The  amalsams  of  eold  and  silver  are  employed  in 
gilding  and  silvering. 

An  amalgam  of  2  parts  of  mercury,  1  of  bismuth,  and  1  of 
lead,  is  fluid,  and  when  kept  for  some  time,  deposits  cubic  crys* 
tals  of  bismuth. 

Amalgam  of  copper  may  be  made  as  follows : 

To  u  hot  solution  or*  •ulphate  of  copper,  add  a  little  mQriatic  acid,  and  a  few  Amalgam 
tticka  of  fihc,  and  boil  the  mixture  for  about  a  mioote :  by  this  mean*  the  cop-  ^^^**1?9^- 
per  will  be  precipitated  in  a  metullio  itate,  and  in  a  fipely  di%'ided  spongy  form : 
take  out  the  tine,  poor  off  the  liquor,  wash  th«i  copper  with  hot  water,  and  pour     ' 
upon  it  a  little  dilute  nitrate  of  mercury,  which  will  instantly  cover  every  par- 
ticle of  copper  with  a  coating  of  mercury:  th«n  add  mercury  to  the  amount  of 
two  or  three  times  the  weii^ht  of  the  copper,  and  a  slight  trituration  will  com- 
bine them  so  far  that  the  completion  of  the  process  may  be  effected  by  heating 
the  mixture  for  a  few  minutes  in  a  crucible.* 

'  1632.  By  combination  with  mercury,  metals  that  are  not  oxidatiouof 
easily  oxidized,  acquire  a  facility  of  entering  into  union  with  SStedbj^*^ 
oxygen..    Thus  gold  and  silver,  when  combined  with  mercury,  mereory. 
are  oxidized  by  ignition  in  cdntact  with  air.   This  fact  furnishes 
a  striking  illustration  of  the  effect  of  overcoming  the  aggrega- 
tive affinity  of  bodies  in  promoting  chemical  union.     H. 

1633.  When  mercury  is  negatively  electrized  in  a  solution 
of  ammonia,  or  when  an  amalgam  of  potassium  and  mercury  is 
placed  upon  moistened  muriate  of  ammonia,  the  metal  increases 
in  volume,  and  becomes  of  the  consistency  of  butter,  an  appear- 
ance which  has  sometimes  been  called  the  metallization  of 
ammonia.  The  compound  appears  only  to  contain  ammonia 
and  mercury>  though  its  real  nature  has  not  been  satisfactorily 
ascertained.  It  has  suggested  some  hypotheses  concerning  the 
nature  of  ammonia  and  the  metals,  which  are  not  worth 
recording. 


Section  XXXI.     Osmium. 

1634,  Osmium,  and  the  metals  described  in  the  three  follow- 
ing sections  are  contained  in  the  ore  of  platinum. 

This  ore  is  digested  in  nitro-muriatic  acid,  by  which  the  greater  portion  is  proeon  for 
dissolved,  and  there  remains  a  black  powder,  which,  when  fused  with  potassa  obtaininf 
and  washed,  furnishes  a  yellow  alkaline  solution  of  oxide  of  osmium.    Saturate  o*™**">* 
the  alkali  with  sulphuric  acid,  pour  the  mixture  into  a  retort,  and  distil.     A  col- 
ourless solution  of  the  oxide  ofotmium  passes  into  the  receiver;  it  has  a  sweet- 
islf  taste  and  a  very  peculiar  smell,  somewhat  like  that  of  new  bread. t     When 
mercury  is  shaken  with  this  solution  it  becomes  an  amalgam,  which  is  decom- 
posed by  distillation  and  pure  osmium  remains. 


*  Aikio**  DietioncffTf^  Art.  Mercwyi  P-  W<  t  Hsnoe  the  name  from  s^/btii»  odntr. 
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1635.  Osmium  has  a  dark  grey  colour,  and  is  not  volatile 
when  heated  in  close  vessels ;  but  heated  in  the  air  it  absorbs 
oxy^en^  and  forms  a  volatile  oxide.     It  has  not  been  fused. 

1636.  The  leading  characters  of  osmium  are  its  insolubility 
in  the  acids,  its  ready  solubility  in  potassa.,  the  facility  with 
which  it  is  oxidized,  the  singular  smell  of  its^  oxide,  its  great 
volatility,  and  the  purple  or  blue  colour  produced  in  its  solution 
by  tincture  of  galls.  The  other  compounds  have  scarcely  beea 
examined. 

1637.  M.  Laugier  having  observed  that  nitro-muristic  apid^ 
which  has  been  employed  to  dissolve  platinum,  emits  a  strong 
odour  of  osmium,  distilled  the  liquor  and  saturated  the  product 
with  quick-lime;  after  which  by  again  distilling  the  liquid,  he 
obtained  a  quantity  of  osmium  sufficient  to  repay  the  trouble  of 
the  process.*     H. 


Section  XXXII.     Iridium. 
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1638.  The  black  powder  mentioned  in  the  last  section  con- 
tains iridium,  which  resist^  the  action  of  potassa,  and  conse- 
quently remains  after  the  separation  of  osmium.  A  solution  of 
its  oxide  may  be  procured  by  digesting  it  in  muriatic  acid, 
which  first  becomes  blue,  then  olive-green,  and  lastly,  red.  By 
alternate  treatment  with  potassa  and  mtiriatic  acid,  the  whole  of 
the  black  powder  will  be  dissolved.  By  evaporating  the  muri- 
atic solution  to  dryness,  dissolving  the  dry  mass  in  water,  and 
evaporating  a  second  time,  Octoedral  crystals  of  muriate  of  iri- 
dium are  obtained. 

1639.  Iridium  is  obtained  by  immersing  a  plate  of  zinc  into 
a  solution  of  the  muriate,  or  by  violently  heating  the  octoedral 
crystals.  It  is  of  a  whitish  colour,  and  according  to  Mr  Chil- 
dren, who  succeeded  in  fusing  it  by  means  of  his  large  voltaic 
apparatus,  its  specific  gravity  is  above  18.  Its  most  marked 
character  is  extremely  difficult  solubility  in  the  acids. 

164(X  In  crude  platinum  Dr  Wollaston  discovered  some  flat 
white  grains  which  resisted  the  action  of  the  acids,  and  which 
he  ascertained  to  consist  of  a  native  alloy  of  osmium  and  tri'- 
dium. 

1641.  Osmium  and  iridium  were  discovered  by  Mr  TennsDi 
in  1803.  The  name  of  the  latter  is  derived  from  the  variety  of 
colours  exhibited  by  its  solution.!  i 


*  .f nm.  tie  Ckm.  91.  p.J91. 
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Sjbction  XXXIII.    Rhodium. 

1648.  Rhodium  and  Palladium  were  discovered  by  Dr  WoK  Digeovery. 
lastoQ  in  1803.*     These,  like  the  two  last  described  metals, 
exist  in  the  ore  of  platinumi  from  which  rhodium  may   be 
obtained  by  the  following  process : 

Dieeet  crude  platinum  in  a  small  quantity  of  nitro-murialic  acid,  filler  th« 
•aturated  colution,  and  poor  it  into  a  solution  of  sal  ammoniac,  bj  which  the  ^^^  ^j^ 
greltfcr  proportion  of  the  platinum  is  |)recipitated.  Decant  the  clear  liquor  knd  uioed. 
immerse  a  plate  of  zinc,  which  becomes  coated  with  a  black  powder.  Separate 
this  and  digest  it  in  dilute  nitric  acid,  by  which  a  little  copper  and  lead  are 
taken  up.  Then  wash  and  digest  in  dilute  nitro-muriatic  acid*  to  which  add 
•ome  common  salt,  evaporate  to  dryness,  and  wash  the  dry  mass  repeMedly 
wiih  alcohol.  A  deep  red  substance  remains,  which,  when  dissolved  in  water, 
furnishes  a  black  precipitate  upon  the  immeniion  of  a  plate  of  sine.  This 
strongly  heated  with  borax,  esiumes  a  white  metallic  lustre,  and  is  rhodium. 

1643.  Rhodium  is  very  difficult  of  fusion  ;  its  specific  gravity  Propertisp. 
is  10,6.  When  an  alloy  of  lead  and  rhodium  is  digested  in 
nitro-muriatic  acid,  it  is  dissolved,  and  by  evaporation  a  red 
compound  is  obtained,  from  which  muriate  of  rhodium  may  be 
fileparated  by  water,  or  more  perfectly  by  alcohol.  The  rose- 
colour  of  this  compound  suggested  the  name  which  has  been 
applied  to  the  metal. 

1644.  Berzelius  has  described  three  oxides  of  this  metal,  q^^^. 
composed  as  follows: 

Metal.        Oxygen. 
Protoxide      *    ...     100 
Deutoxide    .     .     •     •     100 
Peroxide       ....     100 

Dr  Thomson  considers  the  existence  of  two  oxides  of  rhodium 
as  established,  the  black  or  protoxide,  and  the  yellow,  which, 
according  to  him,  are  constituted  as  follows: 

Metal.      Oxygen.    Metal.    Oxygen. 
Protoxide    ...     100  -I-  18,2  or  44  +    8 
Peroxide      ...     100  -f  36«4  or  44  -f*  16 

1645.  Rhodium  forms  malleable  allojf^  with  the  malleable  adojs. 
metals,  several  of  which  have  been  examined  by  Dr  Wollaston.t 

With  steel  rhodium  forms  an  alloy,  which  probably  would 
be  very  useful  in  the  arts,  were  it  not  for  the  scarcity  of  the 
latter  metal.  1  to  2  per  cent,  of  rhodium  gives  steel  great 
hardness,  and  yet  there  is  sufficient  tenacity  to  prevent  crack* 
ing  either  in  forging  or  hammering.} 


Sbctiow  XXXIV.    Palladium. 


1646.  Palladium  Is  most  easily  obtained  by  the  following  How  oIn 
process.§     Digest  the  ore  of  platinum  in  nitro-muriatic  acid,  '^°*^' 


*  Panadiom  was  alee  diicoirered  by  Mr  Cloud,  in  a  native  alloy  of  gold  with  that  inetaL 
\Pka,  TVaiu.  1804.    Thomeon'i  Sycteai,  vole.  i.  and  ii.  }  ^^iMrt.  J^rar.  be.  SaSi 

iwoUairtou,  PAil.  TVeiu.  1805. 
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neutralize  the  redundant  acicl  by  soda,  throw  down  the  plati- 
num by  muriate  of  ammonia,  and  filter.  To  the  filtered  liquor 
add  a  solution  of  cyanide  of  mercury  :  a  yellow  flocculent  pre- 
cipitate is  soon  deposited,  which  yields  palladium  on  exposure 
to  heat.* 

1647.  Palladium  is  of  a  dull  white  colour,  malleable  and 
ductile.  Its  specific  gravity  is  about  II.  It  is  hard.  It  fuses 
at  a  temperature  above  that  required  for  the  fusion  of  gold. 

1648.  Dr  Wollaston  has  ascertained  the  existence  of  native 
palladium  in  the  ore  of  platinum.  It  is  in  small  fibrous 
grains. 

1649.  Muriatic  acid  boiled  upon  palladium  acquires  a  fine 
red  colour.  Sulphuric  acid  becomes  blue.  Nitric  acid  readily 
dissolves  it;  but  its  best  solvent  is  the  nitro-muriatic,  which 
forms  a  fine  red  solution.  Thev alkalies  throw  Idown  an  orange- 
coloured  precipitate  from  these  solutions,  sparingly  soluble  in 
the  alkalies.  Ferro-cyanate  of  potassa  gives  an  olive-green 
precipitate;  and  sulphuretted  hydrogen,  one  of  a  dark  brown 
colour. 

L650.  Berzelius  has  shown  that  100  parts  of  palladium  unite 
with  14,209  parts  of  oxygen.     Hence  the  oxide  consists  of 

Palladiam    ••••••    87,56' 

Oxjgen        •    •    .     •    .     .     1^,44 

'  100. 

1251.  Palladium  readily  combines  with  sulphur.  The  com- 
pound is  whiter  than  the  separate  metal,  and  is  very  brittle. 
It  has  been  investigated  by  Berzelius,  and  shown  to  be  com- 
posed as  follows : 


Pallridimn    ....    78,03 
Sulphur 21,97 


100, 
28,15 


100  128,15  ^ 

1652.  The  equivalent  number  for  the  metal,  deducible  both 
from  the  oxide  and  sulphuret  is  56,2.  We  may,  therefore, 
denote  the  weight  of  its  atom  by  5Qj  that  of  the  oxide  by  64 ; 
and  of  the  sulphuret  by  72.     H.  2.  1 64. 


SECTION  XXXV.    Silver. 
t^-.^  ..  1653.  Silver  is  found  native,  and  in  a  variety  of  combina- 

Native  ailvar.  ^.  ^ 

^tions. 

Native  silver  has  the  general  characters  of  the  pure  metal. 
It  occurs  in  masses ;  arborescent ;  capillary ;  and,  sometimes, 
crystallized  in  cubes  and  octoedra.     It  is  seldom  pure,  but  con- 


*8ee  also  a  proceM  I9  Vanquelin,  in  Anm,  Fftile*.  voli.  St.  and  tU.  , 


ascT.  xxxT.  Siher.  «  4SST  ^ 

tains  small  portions  of  other  metals,  which  affect  its  colour 
and  ductility.  It  is  chiefly  found  in  primitive  countries.  Id 
Peru  and  Mexico  are  the  richest  known  mines  of  native 
silver. 

1654.  To  obtain  silver  in  ft  state  of  parity,  Mr  Donoyan  recommendii,  thftt  Mathodaidr 
S40  grains  of  standard  silver  be  dissolved  in  as  much  pure  nitric  acid  of  spe    obuiDiag 
cific  c:ravity  about  |,S,  as  will  b«  barely  necessary  for  solution.    This  is  to  be  Pv**u*>' 
filtered,  and  distilled  water  allowed  to  run  throufj^h  the  filter,  until  the  fluids 
amount  to  two  ounce  measures.    A  bright  plate  of  copper  weighing  upwards  of 

64  grains,  in  to  be  inimerved  and  frequently  agitated  in  it.  When  the  silver  hat 
f  ntirely  precipilated*  which  will  very  soon  happen,  the  clear  supernatant  liquor 
is  to  he  poured  off,  and  the  precipitate  to  be  well  washed  with  pure  water. 
The  Mlver  is  then  to  be  boiled  fpr  a  few  minutes  in  liquid  ammonia.  It  is  then 
to  be  well  washed  with  water  and  dried  on  a  filter ,  after  wbichi  if  required,  it 
may  be  melted  in  a  cruoible.^t 

It  may  also  be  procured  by  adding  to  the  above  solution  of 
standard  silver  a  solution  of  common  salt ;  collect,  wash,  and 
dry  the  precipitate,  and  fuse  it  with  its  weight  of  carbonate  of 
potassa.     A  button  of  the  pure  metal  is  thus  obtained. 

1655.  Silver  has  a  pure  white  colour,  and  considerabFe  bril-  oharactan. 
liancy.    Its  specific  gravity  is  10,5.    It  is  so  malleable  and  duc- 
tile, that  it  may  be  extended  into  leaves  not  exceeding  a  ten* 
thousandth  of  an  inch  in  thickness,  and  drawn  into  a  wire  finer 

than  a  human  hair. 

1656.  Silver  melts  at  a  oright  red  heat,  and  when  in  fusion 
appears  extremely  brilliant.  It  resists  the  action  of  air  at  high 
temperatures  for  a  long  time,  and  does  not  oxidize ;  the  tarnish  .j.^„^j^ 
of  silver  is  occasioned  by  sulphurous  vapours ;  it  takes  place 
very  slowly  upon  the  pure  metal,  but  more  rapidly  upon  the  alloy 
with  copper  used  for  plate,  and  was  found  by  Proust,  to  consist 

of  sulphuret  of  silver.    Pure  water  has  no  effect  upon  the  metal;  Etibetor 
but  if  the  water  contain  vegetable  or  anihial  matter,  it  often  ^^ "' 
slightly  blackens  its  surface  in  consequence  of  the  presence  of 
sulphur.     If  an  electric  explosion  be  passed  through  fine  silver 
wire,  it  burns  into  a  black  powder,  which  is  an  oxide  of  silver,   ^oftaat. 
In  the  voltaic  circle  it  bums  with  a  fine  green  light,  and  throws 
off  abundant  fumes  of  oxide.     Exposed  to  an  intense  white 
heat,  it  boils  and  evaporates.     If  suddenly  cpoled,  it  crystallizes 
during  congelation,  often  shooting  out  like  a  cauliflower,  and 
throwing  small  particles  of  the  metal  out  of  the  crucible. 

1657.  Silver  is  not  unfrequently  obtained  in  considerable 
quantities  from  argentiferous  sulphuret  of  lead,  which  is  ,re< 
duced  in  the  usual  way  and  then  cupelled ;  the  oxide  of  l^d 
thus  procured  is  afterwards  reduced  by  charcoal 

Some  of  the  silver  ores,  especially  the  sulphurets,  are  reduced  • 

by  amalgamation.  These  ores,  when  washed  and  ground,  are 
mixed  with  a  portion  of  common  salt  and  roasted  ;  they  are  then 

,  ■■III. —  11    —       II  .        .  I  ■         ■<      I      II         Plllll         I.        >  !■         ■■  !■  I 
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t  Dr  Tfaomfon  foand  it  diScnlt  to  obUin  sUvwr  frae  from  eopper,  eTvn  wImo  rodaeed  from  tha 
chloride,  bal  acoomptislMd  the  objoet  by  Ant  washing  tho  chlorido  with  diluted  niuie  acid,  whi«^ 
cemovad  the  copper.    Firgt  FrtadtplM,  U.  436. 


42S  Silver  and  Chlorine.  chap.  it.    ^ 

powdered  and  mixed  by  agitation  with  mercury,  and  the  amal* 
gam  thus  formed  is  distilled.'*^ 

1658.  From  aome  curious  facts  which  are  stated  by  Mr  Lucas,t 
it  appears  that  silver,  when  melted,  and  exposed  to  a  current  of 
air  or  of  oxygen  gas,  forms  a  temporary  union  with  oxygen, 
which  is  again  given  off  in  the  state  of  gas,  when  the  metal  cools 
spontaneously,  or  is  poured  into  cold  water.  This  property,  it 
has  been  shown  by  Chevillot:|:  belongs  only  to  pure  silver, 
and  not  to  silver  alloyed  even  with  a  very  small  proportion  of 
copper.  H.  2.  193. 
Ozid«.  1659.  Oxide  of  silver  may  be  obtained  by  adding  a  solution 

of  baryta  to  the  solution  of  nitrate  of  silver,  washing  the  pre- 
cipitate and  heating  it  to  dull  redness.  It  is  of  a  dark  olive 
colour,  tasteless,  insoluble  in  water,  and  when  gently  heated,  is 
reduced  to  the  metallic  state* 

The  composition  of  oxide  of  silver  has  been  very  variously 
given,  probably  from  the  difficulty  of  obtaining  it  of  similar 
purity.  According  to  Sir  H.  Davy  100  parts  of  silver  unite 
with  7,3  oxygen,  or  according  to  Dr  Wollaston's  scale  7,4.  A 
larger  proportion  of  oxygen  was  formerly  assigned  by  Berze- 
lius ;  but  he  has  recently  giv^n  the  following  statement 

OompMidoo.  Silver 93,12 100, 

Oxjrgea 6,88    •  * 7,3986 

100,  107,3986# 

Taking  the  proportion  of  oxygen  which  combines  with  100 
parts  of  silver  at  7,3  the  equivalent  number  for  silver  will  be 
110.  No  other  oxide  of  silver  has  been  actually  ascertained  to 
exist ;  though  from  the  experiments  of  Mr  Faraday,  there 
seems  reason  to  believe  that  the  pellicle,  which  forms  spontane- 
ously on  an  ammoniacal  solution  of  oxide  of  silver,  exposed  to 
the  air,  is  a  protoxide  of  that  metal  in  which  the  oxygen  is  ^o 
the  silver  as  7,5  to  157,4.||  H.  Dr  Thomson  admits  it  to  be  a 
distinct  oxide,  and  considers  it  as  constituted  of  3  atoms  of 
silver  +  2  atoms  of  oxygen.T 
Ohiorido.  1660.  Silver  and   Chlorine. — Chloride  of  Silver, — This 

compound  is  easily*  procured  by  adding  a  solution  of  chlorine, 
of  muriatic  acid,  or  of  common  salt,  to  a  solution  of  nitrate  of 
silver :  it  falls  in  the  form  of  a  heavy  insoluble  tasteless  powder, 
of  a  white  colour,  but  which,  by  exposure  to  light,  becomes 
brown,  and  ultimately  black.  When  dry  chloride  of  silver  is 
heated  to  dull  redness  in  a  silver  crucible  it  does  not  lose 
weight,  but  fuses;  and,  on  cooling,  concretes  into  a  grey  semi- 

*  The  old  (iroci'flii  of  rUfualion  is  now  acareely  Q«od ;  it  comJBted  in  fuBing  alloyi  oT  ropprr  and 
silver  wilh  loud ;  this  tripin  ulloy  was  east  into  round  matises  which  were  set  in  a  proper  furnace,  upun 
an  inchned  plane  of  iro^-,  with  a  smojl  channel  grooTed  out,  and  healed  rec^hot,  during  >»hich  tba 
lead  melted  out,  and  in  consequence  of  its  attraction  for  silver,  carried  that  ncta)  with  it,  the  copper  I 

being  lef'  behind  in  a  reddish  black  spongy  mass. — Aikin*s  DiUionarjy  Art  Silver.  | 

f  Manchester  Society's  Memoirt^  N.  8.  vol-  iii.  f ' 

^  )':««!».  d»  Chin,  et  Phy$»  xiii.  9W.  $  ^nn.  of  PkihM^  xt.  9S. 

II  QiMr/.  Jomr.  iv.  870.  IT  Fir$t  Prme^tUtf  i.  43«. 
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transparent  substance,  which  has  been  called  horn  silver,  or 
luna  cornea.  If  slowly  cooled,  Proust  has  remarked  that  it 
has  a  tendency  to  octo^ral  crystallization.  Heated  to  a  bright 
t^d  or  white  heat  in  an  open  vessel,  it  volatilizes  in  dense  white 
fumes. 

1661.  If  fused  with  twice  its  weight  of  potassa  or  soda,  chlo-  n«MjoniiK»- 
ride  of  silver  is  decomposed,  and  a  globule  of  metallic  silver  is 
obtained.      It  is  also   rapidly   decomposed    by  tin   and    zinc' 
Triturated  with  zinc  filings  and  moistened,  the  heat  produced 

is  so  considerable  as  to  fuse  the  resulting  alloy  of  zinc  and 
silver.* 

1662.  Chloride  of  silver  is  very  soluble  in  ammonia,  a  cir-  Action  of 
cumstance  by  which  it  is  usually  distinguished  from  some  *™""°^ 
other  chlorides,  which,  like  it,  are  white,  and  formed  by  pre- 
cipitation. We  should  be  cautious  in  applying  heat  to  the  am? 
moniacal  solution,  as  it  sometimes  forms  a  precipitate  of  fulmi* 
nating  silver.  The  ammoniacal  solution  furnishes  crystals, 
which,  when  exposed  to  air,  or  put  into  water,  lose  their  trans- 
parency, ammonia  is  evolved,  and  they  crumble  into  chloride 

of  silver.  The  fused  chloride,  exposed  to  ammoniacal  gas, 
absorbs  a  considerable  portion,  which  is  given  off  by  heat.  If 
the  dry  chloride  thus  saturated  with  ammonia,  be  thrown  into 
chlorine  the  ammonia  spontaneously  inflames.t  Chloride  of 
silver  is  soluble  in  and  decomposed  by  all  the  liquid  hyposul- 
phites. 

1663.  To  determine  experimentally  the  composition  of  chlo-  compontion. 
ride  of  silver,   100  grains  of  the  metal  may  be  dissolved  in 

nitric  acid  and  precipitated  by  a  solution  of.  common  salt.     The 

{precipitate  being  carefully  washed  with  water  slightly  acidu- 
ated  with  nitric  acid,  dried,  and  fused,  the  increase  of  weight 
on  the  silver  shows  the  quantity  of  chlorine  which  has  been 

?ained.  Different  chemists  have  given  different  statements, 
^enzel  found  that  100  of  silver  gave  131,4  of  chloride;  Davy, 
132,5;  Bucholz,  Rose,  Marcet,  and  6ay-Lussac,  133,3,  and 
Berzelius,  from  several  experiments,  considers  132,75  as  the 
true  product.^  Taking  Sir  H.  Davy's  result,  the  composition 
of  chloride  of  silver  is 

Silver 75,5    ...     100,      ...    307,69 

Chlofiae   ....    24,5     .    •    .>     32,5    .    .    .     100, 

100. 

And  the  equivalent  number  for  silver,  deducible  from  this 
analysis,  is  110,7,  from  Berzelius's  109,9.  It  will  perhaps  be 
Very  near  the  truth  if  taken  at  110,  a  number  agreeing  with 
that  indicated  by  the  composition  of  the  oxide.§     H.  2.  135. 

1664.  Chlorate  of  Silver  is  formed  by  digesting  oxide  of  Caiurate. 
silver  in  chloric  acid ;  it  forms  small  rhombic  crystals,  which, 

*  Faraday,  (Quarterly  Journal  of  Science  And  Jlrtty  viii.  374. 

t  Faraday,  Q^arterly  Journal^  v.  75.  %  Ani^  of  PhiUt*.  xv.  93. 

$  JWitiv0  Chloride  of  Silver  ban  beeu  fuuad  in  most  of  the  ailver  minof ;  it  occurs  naaasivo  and 
QrystalUaod  in  smaU  cubes. 
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by  the  action  .of  chloriae,  are  converted  into  chloride  of  sil- 
ver. 

1665.  Muriatic  acid  has  no  action  upon  a  piece  of  clean  sil- 
ver, unless  boiled  with  it  for  a  long  time,  when  a  slight  crust 
of  chloride  forms  upon  it.  .  ^ 

A  beautiful  experiment,  illuitratinff  the  influence  of  electricitj  on  chemical 
action,  coni>i»t«  in  attaching^  a  A\p  of  silver  to  one  of  zinc,  and  patting  the 
double  bar  into  dilute  muriatic  acid ;  the  silver  instantly  acquires  a  crust  of 
chloride,  in  consequence  of  the  necrative  energy  imparted  to  it  by  the  zinc,  the 
latter  metal  beinj;  rapidly  dissolved. 

1666.  Bromide  of  Silver  has  the  same  curdy  appearance  as 
the  chloride,  becomes  black  by  exposure  to  li^ht,  is  soluble  in 
ammonia,  and  insoluble  in  nitric  acid,  which  does  not  decom- 
pose it  even  at  a  boiling  temperature.  Boiling  sulphuric  acid^ 
on  the  contrary,  detaches  some  vapours  of  bromine.  The 
bromide  of  silver  is  decomposed  by  hydrogen  in  a  nascent  state, 
and  was  found  by  M.  Balard  to  consist  of  silver  589,  bromine 
411.* 

1667.  Nitrate  of  Silver, — Nitric  acid*  diluted  with  three 
parts  of  water,  readily  dissolves  silver,  with  the  disengagement 
of  nitrous  gas.  If  the  acid  contain  the  least  portion  of 'muri- 
atic, the  solution  will  be  turbid,  and  deposit  a  white  powder; 
and  if  the  silver  contain  copper,  it  will  have  a  permanent 
greenish  hue  ;  or  if  gold,  that  metal  will  remain  undissolved  in 
the  form  of  a  black  powder.t 

The  solution  should  be  perfectly  clear  and  colourless ;  it  is 
caustic,  and  tinges  animal  substances  of  a  deep  yellow,  which, 
by  exposure  to  light,  becomes  a  deep  purple,  or  black  stain, 
and  is  indelible,  or  peels  off  with  the  cuticle  :  it  consists  of 
reduced  silver.  It  may  be  obtained  in  white  crystals,  of  a  bit- 
ter and  metallic  taste,  and  soluble  in  about  their  own  weight 
of  water  at  60°.  It  blackens  when  exposed  to  light,,  and  when 
thus  acted  Ajpon,  is  no  longer  perfectly  soluble  in  water,  owing 
to  the  separation  of  a  portion  of  metallic  silver* 

1668.  When  heated  in  a  silver  crucible  it  fuses,  and  if  cast 
Xiooareaiu-    into  Small  Cylinders,  forms  the  lapis  iufernalis.  or  lunar  caus- 

tic  of  pharmacy ;  the  argenti  nitras  of  the  Pharmacopoeia. 
In  forming  this  preparation,  care  should  be  taken  not  to  over- 
heat the  salt,  and  the  moulds  should  be  warmed.     Exposed  to 
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*  Iodide  of  Silver  is  precipitated  upon  adding  hydriodic  aeid  to  a  aolution  of  nitrate  of  silver.  It 
it  of  a  greenish  yellow  colour,  insoluble  aad  decomposed  when  heated  with  potusa.  It  b  pattictt> 
larly  oharacterized  by  insolubility  in  ammonia. 

lod^U  of  Silver  is  precipitated  in  the  form  of  a  white  powder  by  addiqg  iodic  acid  or  iodate  of 
potassa  to  a  solution  of  nitrate  of  silver.    It  is  very  soluble  in  ammonia. 

t  A  very  useful  solvent  of  silver  has  been  discovered  by  Mr  Keir  of  Birmingham.  It  is  formed  by 
dissolving  one  part  of  nitre  in  about  eight  or  ten  parts  by  weight  of  concentrated  sulphuric  acid. 
This  compound  (which  may  be  called  ititr0->ovlpkMrie  aeid)  when  heated  to  betwct'U  100°  and  SWO^  F. 
dissolves  one  fifth  or  one  sixth  its  weight  of  silver,  with  an  extrication  of  nitrous  gas ;  and  leavoa 
ontoocbed,  any  copper,  gold,  lead,  or  iron,  v/iih  which  the  ailvor  may  bo  combined.  Hence  it  is  a 
most  useful  agent  in  extracting  silver  from  old  plated  goods.  The  silver  may  be  recovered  from  th» 
solution  by  adding  common  salt»  and  the  chloride.of  silver  formed  may  bo  decomposed  by  caibonata 
of  soda. 
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a  red  heat,  the  acid  is  partly  evolved  and  partly  decomposed, 
and  metallic  silver  obtained.* 

1669.  Sulphur,  phosphorus,  charcoal,  hydrogen,  and  several  ^J'"^  jj. 
of  the  metals,  decompose  this  nitrate. 

A  few  grains  mixed  with  a  little  »tilphur,  and  itruck  upon  an  anvil  with  a  Exp* 
heavy  hammer,  produce  a  detonation ;  pbo»pborus  occaaion^a  violent  explovioa 
when  aboot  half  a  grain  of  it  is  placed  upon  a  crystal  of  the  nitrate,  upon  an 
anvil,  and  struck  »harplv  with  a  hammer ;   and  if  heated  with  charcoal,  it 
deflacrrate^,  and  the  metal  i»  reduced. 

If  'A  piece  of  silk  dipped  into  a  solution  of  nitrate  of  silver  be  exposed  while  Exp. 
moist  to  a  cjirrent  of  hydroj:en  gas,  it  i»  first  blackened,  and  afterwards  becomes 
iridescent  from  the  reduction  of  portions  of  the  metal.t 

A  stick  of  clean  photiphorus,  introduced  into  a  solution  of  nitrate  of  silver,  E<p> 
toon  becomes  beautifully  incnioted  with  the  metal,  which  separates  upon  it  in 
arborescent  crystals.     A  plate  of  copper  occasions  a  brilliant  precipitation  of 
ailver,  and  the  copper  is  oxidized  and  dissolved  by  the  acid. 

1670.  The  precipitation  of  silver  by  mercury  is  very  slow, 
and  produces  a  peculiar  symmetrical  arrangement,  called  the 

arbor  Dianss.,     It  was  first  remarked  by  Lemery.     To  obtain    '  '  **"*" 
this  crystallization  in  its  most  perfect  state,  the  solution  should 
contain  a  little  mercury,  and  the  mercury  put  into  it  should  be 
alloyed  with  a  little  silver. 

Make  an  amalf^am,  without  heat,  of  four  drachms  of  leaf  silver  with  two  How  made, 
drachms  of  mercury.  Dissolve  the  amalgam  in  four  ounces  or  a  sufficient 
quantity  of  pure  nitric  acid  o(  a  moderate  streng^th  $  dilute  this  solution  in  ' 
abont  a  pounc^and  a  half  of  distilled  water;  agitate  the.  mixture,  and  preserve 
it  for  use  In  a  glass  bottle  with  a  p^ound  stopper.  When  this  preparation  is  to 
l>e  used,  the  quantity  of  one  ounce  is  pot  into  a  phial,  and  the  size  of  a  pea 
of  an:algam  of  gold,  or  stiver,  as  lofi  as  butter,  is  to  be  added ;  after  which  the 
Tessel  must  be  left  at  rest.  Soon  afterwards,  small  filaments  appear  to  issue 
out  of  the  ball  of  amalgam,  which  increase  and  shoot  out  branches  in  the  form 
of  shrubs.  U.  703.  According  to  Proust  all  that  is  required  is  to  throw  mercury 
ioto  nitrate  of  silver  very  much  diluted. 

1671.  The  alkaline  metallic  oxides  decompose  this  salt  of  neoomposi- 
silver :  it  is  also  decomposed  by  muriatic,  sulphuric,  phosphoric,  ^^ 
and  boracic  acid.     The  protosulphate  of  iron  throws  down  me<- 

tallic  silirer  when  added  to  a  solution  of  the  nitrate  :  protomu* 
riate  of  tin  forms  a  ^rey  precipitate,  coobisting  of  peroxide  of 
tin  and  oxide  of  silver. 

1672.  Ammonia  added  to  solution  of  nitrate  of  silver  occa- 
sions a  precipitate,  soluble  in  excess  of  the  alkali. 

1673.  Nitrate  of  silver  is  of  much  use,  as  a  test  for  chlorine,  Uses, 
muriatic  acid,  and  their  compounds.     It  is  employed  for  writing 

upon  linen  under  the  name  of  indelible  or  marking  ink^  and  is  i,^,,^^^  j„^^ 
an  ingredient  in  many  of  the  liquids  which  are  sold  for  'the 
purpose  of  changing  the  colour  of  hair ;  but,  when  thus  em- 


*  Fussd  nitrata  of  siWer,  aeeordiDg  to  Protist,  is  composed  of 
Bilrer 04' 
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This  BtatenMBt,  however,  cannot  be  eoireet,  as  it  sssifns  too  large  a  propoition  of  oxygen  to  the 
•xide,  Tix  8,0  to  1110  grains  of  silver. 

\  Bee  IM  Falliaine*s  £««af  n,  CvrnkiutUn:* 
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ployed,  it  should  be  very  much  dihited,  and  used  with  extreme 
caution,  on  account  of  its  corrosive  Quality.' 

1674.  White  paper,  or  white  leather,  when  stained  with  a 
solution  of  nitrate  of  silver,  in  the  proportion  of  ten  parts  of 
water  to  one  of  the  salt,  undergoes  no  change  in  the  dark ;  but 
when  exposed  to  the  light  of  day,  it  gradually  acquires  colour, 
and  passes  through  a  succession  of  changes  to  black.  The  com- 
mon sun-beams,  passing  through  red  glass,  have  very  little  effect 
upon  it ;  yellow  and  green  are  more  efficacious ;  but  blue  and 
violet  produce  the  most  decidedly  powerful  eflfects.  Hence  this 
property  furnishes  a  method  of  copying  paintings  on  glass,  and 
transferring  them  to  leather  or  paper.'*' 

By  a  similar  process,  ivory  may  be  covered  with  silver.  Let  a  slip  of  iVory 
be  initfiersed  in  a  dilute  solution  of  pure  nitrate  of  silver,  till  the  ivory  bis 
acquired  a  bright  yellow  colour.  Then  remove  it  into  a  tumbler  filled  with 
di9tilled  water,  and  expose  it  to  the  direct  1i<ht  of  the  sun.  After  two  or  three 
honr<i^  exposure,  it  will  have  become  black;  but  on  rubbins;  it  a  little,  the 
surface  will  he  chonj^ed  into  a  bright  metulUc  one^  re^eiublinf^  a  f>lip  of  pure 
silvi'r.  As  the  solution  penetrates  deep  into  the  ivory,  the  brig^ht  surfuce,  when 
worn  away,  is  replact-d  by  a  ^ncceMion  of  other*.     H.  ?.  I37.t 

1675.  Sulphur et  of  Silver, — Silver  readily  combines  with 
sulphur,  and  produces  a  very  crystallizable  compound,  consid- 
erably more  fusible  than  silrer.  It  is  this  which  lorms  the 
tarnish  upon  silver  plate.  It  has  been  analyzed  by  Berzelius, 
and  found  to  consist  of  # 

Silver 87,038 100 

Sulphur      .     .     -    .    ,     l'2,9rift     .,,.'..       14,9 

100,  1 14,9     . 

1676.  Sulphuretted  hydrogen  and  hydrosulphuret  of  ammonia 
occasion  a  copious  black  precipitate  of  sulphuret  of  silver  when 
added  to  solutions  of  the  metal;  a  portion  of  the  silver  is  fre- 
quently at  the  same,  time  reduced  to  the  metallic  state.| 

1677.  Hyposulphite  of  Silver  has  been  examined  by  Mr 
Herschel  in  his  able  paper  on  the  hyposulphurous  aCid.§  'It 
is  formed  by  dropping  a  weak  solution  of  nitrate  of  silver  into 
a  very  dilute  solution  of  hyposulphite  of  soda;  a  white  cloud 
is  at  first  produced,  which  re-dissolves  on  agitation  ;  on  adding 
more  of  the  precipitant,  the  clotid  re-appears  and  aggregates  into 
a  grey  precipitate,  which  appears  to  consist  of  hyposulphite  of 
silver;  the  supernatant  liquor  tastes  intensely  sweet,  which  is 
remarkable  considering  the  disgusting  bitterness  both  of  the 
nitrate  and  of  the  hyposulphite. 

Hyposulphite  of  silver  is  also  produced  when  chloride  of 
silver  is  dissolved  in  any  of  the  hyposulphites ;  the  solution  is 
intensely  sweet  without  any  metallic  flavour. 


Nitiite. 


*  Tho  process  ia  dMcribed  by  Mr  T.  Wedgwood,  in  Nicholson's  Journal^  8  vo.  iii.  167. 

t  JCxtrite  of  Silver  is  obtained,  according  to  ProoBt^  by  long  disoFlion  of  powdered  silver  in  nitric 
acid  already  saturated  with  the  mclal-  It  is  more  soluble  than  the  nitrate,  and  difficultly  crystalliza- 
blc    It  appears  nut  improbable  that  ibis  salt  may  contain  the  suboxide  noticed  by  Mr  Faraday. 

}  Pur  loc.'ilitioi!,  &:c.  of  J^ative  Sulphuret  of  silver,  see  Cicave]iind*s  Mhuraicgy, 

$  Edin*  Pkilvs.  Jour.  i.  36. 
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1678.  Hyposulphite  of  Potaesa  and  Silver  is  formed  when 
liquid  potassa  is  dropped  into  the  solution  of  chloride  of  silver 
in  hyposulphite  of  soda  ;  it  separates  in  the  form  of  a  copious 
precipitate,  which,  when  washed  and  dried,  is  foimd  to  consist 
of  small  grey  pearly  scales ;  they  are  difficultly  soluble  iu 
water ;  of  a  very  Bweet  taste  ;  and  heated  before  the  blow-pipo 
afford  a/bead  of  silver. 

1679.  Sulphite  qf  Silver  is  obtained  in  crystalline  grains  by  soiphita. 
digesting  oxide  of  silver  in  sulphurous  acid. 

16S0.  Sulphate  of  Silver  i^  deposited  when  sulphate  of  soda  suipfaft^* 
is  mixed  with  nitrate  of  silver.  It  is  also  formed  by  boiling 
silver  in  sulphuric  acid.  It  requires  about  90  parts  of  water  at 
60^  for  its  solution ;  in  boiling  water  it  is  more  soluble  and  is 
deposited,  as  the  solution  cools,  in  small  prismatic  crystals :  it 
is  decomposed  at  a  red  beat.  '  It  consists  of  1  proportional  of 
oxide  of  silver,  and  1  sulphuric  acid* 

1631.  Phosphate  of  Silver  is  obtained  by  dissolving  crystals  Piuwpiitto. 
of  nitrate  of  silver  in  pure  water,  and  adding  a  solution  of 
phosphate  of  soda.  The  neutrality  of  the  nitrate  of  silver  is  de- 
stroyed, iind  though  the  phosphate  contains  an  excess  of  alkali, 
the  resulting  liquor  is  acid.  The  precipitate  is  of  a  yellow 
colour.  When  washed  and  dried,  it  is  fusible  at  a  red  heat 
without  any  farther  loss  of  weight.  It  consists,  according  to 
Berzeliu^,*  of 

PboBphofio  acid     .    .    n     .    17,025    •    ...     100 
Oxide  of  eilver       ,    •     .    ,    82,975    ....    487,38 

100.  U.  2.  140. 

1682%  'Carbonate  of  Silver  is  precipitated  in  the  form  of  a  otrbonato. 
white  insoluble  powder,  by  adding  carbonate  of  potassa  to  nitrate 
of  silver.     It  blackens  by  exposure  to  light.     It  consists  of 

1  proportional  of  carbonic  acid  +  1  oxide  of  silver. 

1653.  Carbonate  of  ammonia  only  throws  down  a  portion  of 
the  silver  from  the  nitrate,  and  forms  a  triple  ammoniO'Car* 
bonate  of  silverA 

1654.  Fulminating  Silver. — Precipitate  nitrate  of  silver  by  FaiminttiDc 
lime-ivater,  and  thoroughly  edulcorate  and  dry  the  precipitate.  ""^"' 
Let  this  be  afterward  put  into  a  vessel  of  the  purest  liquid  am- 
monia, in  which  it  may  remain  for  ten  or  twelve  hours.     It  will 

then  assume  the  form  of  a  black  powder,  from  which  the  fluid 
is  to  be  decanted,  and  the  black  substance  left  to  dry  in  the  air. 
This  is  the  celebrated  compound  termed  fulminating  silver, 
"I  ■       ■   ■ 

*  Ann.  de  Chim.  et  Pkyt.  ii.  163. 

t  Borate  of  Siloer  ii  thrown  dowo  from  the  nitrnfo  of  silver  in  the  ferm  of  white  powder,  by  adding 
•ointioo  of  borate  of  soda.  Hydrocyanic  acid  and  hydrocyanace  of  potaaea  cause  a  wlii]||  praapftate 
iu  fuiuUonfl  of  silver,  which  appears  to  be  a  cyanide  of  silver,  and  which,  when  hcat||,  gives  out 
cyanogen.  Araeniatt  of  Silver  u  pieoipitated  in  the  forte  of  a  white  powder,  soon  bcf'bming  yellow 
and  browo  by  the  addition  of  solution  of  arsenious  acid  to  nitrate  of  silver.  Aratnhte  of  SUf>er  is 
thrown  down  from  nitrate  of  silver  by  arsenic  acid,  of  a  reddish  brown  colour.  ChrommU  of  SUner  is 
precipitated  of  a  crimson  colour  by  adding  chromatc  of  soda  to  nitrate  of  silver.  It  soon  loses  ita 
brilkaot  tint  aad  becones  brown. 
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Whl(«h  etplodes  w!)h  the  gentlest  heat,  and  even  with  the 
slightest  friction.  It  may  be  formed,  also,  by  boiling  any  pre^^ 
eipilated  oxide  of  silver^  for  a  few  moments,  in  a  mixed  solution 
0f  i)0tAs9jl  ftnd  ammoniat  The  protoxide,  however,  described 
by  Mf  Faraday  does  not  afford  it.  When  once  prepared,  no 
attempt  must  be  made  to  en(*lose  it  in  a  boitt^,  and  it  must  be 
left  undisturbed  in  the  vessel  in  which  it  was  dried.  Great  cau-< 
tion  is  necessary  in  the  preparation  of  this  substance,  for  in 
making  experiments  on  it  several  fatal  accidents  have  been 
produced  by  indiscretion  in  its  use.  It  even  explodes,  when 
moist^  on  the  gentlest  friction.* 

1685i  Another  detonating  compound  of  silver,  formed  by  a 
process  similar  to  that  employed  in  making  the  fulminating  mer- 
cury of  Mr  Howard,  has  been  described  by  Descotils.t  It  is 
)»repared  by  adding  alcohol,  to  a  heated  solution  of  silver,  in 
nitric  acid,  while  the  solution  is  yet  going  on.  Considerable 
effervescence  arises ;  the  liquor  presently  becomes  turbid  ;  and 
a  heavy,  white,  crystalline  powder  falls  dovvn.  This,  when 
washed  and  dried,  is  the  detonating  silver.  Heat,  a  slight 
blow,  or  long  continued  friction,  cause  it  to  inflame,  with  a 
brisk  detonation.  Pressure  alone  is  not  sufficient  unless  very 
powerful.  It  detonates  by  the  electric  spark,  and  is  set  on  fire 
with  an^explosion  by  concentrated  sulphuric  acid.  Both  in  the 
preparation  of  this  substance,  and  in  experiments  on  its  detona^ 
tion,  much  caution  is  necessary ;  and  only  very  small  quantities 
should  be  employed.  This  preparation  was  originally  discov-* 
ered  by  Mr  E.  Howard.  In  repeating  his  process  Mr  Cruick-* 
shank  dissolved  40  grains  of  silver  in  two  ounces  of  strong  nitric 
Acid,  diluted  with  an  equal  weight  of  water.  Then,  by  heating 
the  solution  with  two  ounces  of  alcohol,  he  obtained  60  grains 
of  a  white  powder,  which  detonated  violently.     H. 

LiebSg  pre(>ares  it  by  dissolvings  a  drftchm  of  refiued  silver  in  half  ati  oanc6 
bf  nitric  acid  »ph  gn  X^hl  ;  ^  ounces  of  alcohol  ep.  gr.  0,89  are  then  added, 
aad  tb«*wholt:  ia  gradu^lljr  raided  to  ebullition  in  a  zuatrice.  Whittf  cry&taliiue 
floccuii  soon  appear,  and  it  i»  (hen  time  to  di&coutinue  the  applicatiou  of  heat« 
*rhe  ebullition,  however,  continues,  and  the  precipitate  increases  in  quantitjk 
At  thiff  time  it  is  iulporttiU  to  prevent  too  rapid  cooiin^f  which  diminishes  the 
t{aantitj  of  the  product.  The  proportions  of  acid  and  alcohol,  also,  which 
bavc*  been  recowmendefi,  arc  found  to  answer  better  than  any  others. 

Fulminating  silver,  thus  prepared,  has  the  form  of  white 
toilky  crystals ;  it  detonates  by  the  smallest  shock  even  under 
water)  by  an  increase  of  temperature,  or  the  contact  of  sulphuric 
acid  )  it  dissolves  in  8ti  times  its  weight  of  boiling  water,  and 
Separates  again  on  cooling. 

1686.  i^ulminating  silver,  it  has  been  shown  by  Lieb^g,  con- 
tains a  peculiar  acid,  the  fulminic^  which  is  separated  by  all 
alkaline  and  earthy  bases  except  ammonia,  31,25  per  cent,  of 
oxide  of  silver  remaining,  all  these  new  compounds  are  crys- 
lallizablei  and  detonate  strongly.     A  portion  of  silver  seems  to 


*  fi««  Cuttut  Rouifoffd's  papen,  PkiU  TrauM  1796k 
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accompany  the  acid  into  these  oombi nations,  for  copper  preeipl^  * 
tates  silver  from  fulminate  of  potassa.  Indeed  a  metallic  base 
appears  to  be  necessary  to  the  permanent  existence  of  the  acid, 
whose  elements,  without  such  a  base,  or  rather  element,  appear 
to  be  held  togetheP'  by  a  very  feeble  attraction.  This  metaliio 
ingredient  differs  with  the  source  from  which  the  fulminating 
compound  has  been  prepared,  and  it  may  be  either  sjlveri  tner« 
cury,  Copper,  zino,  or  iron. 

1687.  By  deopm posing  fulminating  silver  with  peroxide  of 
copper,  carbonic  acid  and  nitrogen  gases  were  obtained  in  the 
same  proportions  as  from  the  combustion  Qf  cyanogen.  Of 
oxide  of  silver  ii  appears  to  contain  two  portions,  the  one  servt 
ing  as  an  element  of  the  acid,  the  ^ther  as  a  base.  In  IDO 
parts  of  the  fulminating  silver,  38  of  oxide  fulfil  the  former 
function,  and  38  the  latter.  The  different  fulminates  all  con-r 
tain  a  common  principle  of  fulmioation  independently  of  their 
bases,  and  this  common  ingredient  consists  of  1  atom  of  cyano- 
gen and  I  atom  of  oxygen,  forming  cyanic  acid^  which,  with 
a  metallic  element  in  addition,  consliiuies /ulminic  acid.  The 
best  way  of  transferring  the  fulminic  acid  from  oxide  of  silver 
to  potassa,  is  to  act  upon  fulminating  silver  with  chloride  of 
potassium,  moriatic  acid  decomposes  fulminating  stiver  and 
occasions  the  formation  of  a  new  acid,  constituted  of  chlorine, 
carbon,  and  azote.  Sulphuretted  hydrogen,  also,  passed  through 
a  solution  of  fulminate  of  silver,  causes  the  production  of  a  new 
acid,  which  has  the  property  of  changing  the  colour  of  per-' 
chloride  of  iron  to*a  deep  red.     H.  S.  140. 

1686.  The  soluble  salts  of  silver  are  recorgnized  by  furnishing  sattaof  tiir 
a  white  precipitate  with  muriatic  acid,  which  blackens  by  expo-  J3'  ''*'**'^ 
sure  to  light^  and  which  is  readily  soluble  in  ammonia,  and  by 
affording  metallic  silver  upon  the  immersion  of  a  plate  of  copT 
per.  The  salts  insoluble  in  wcter  are  soluble  in  liquid  amnio<r 
nia,  and  .when  heated  on  charcoal  before  the  blow-pipe,  they 
afford  a  globule  of  silver. 

1689.  Chrotnate  of  Silver.--^M.   Teschemaoher   obtained  ChfomM- 
crystals  of  this  salt  from  the  solution  left  after  separating  the 
precipitate  occasioned  by  adding  nitrate  of  silver  to  chromate 

of  potassa:  They  had  a  strong  metallic  lustre,  and  were  of  a 
deep  red  colour  by  transmitted  light,  much  resembling  native 
red  silver.  They  were  insoluble  in  cold  or  hot  water,  and 
were  reduced  by  heat  to  metallic  silver  and  chromic  oxide.* 

1690.  Alloys  of  Silver,— HiYie  compounds  of  this  metal  with  Aiioyi. 
potassium,  sodium,  and   manganese,  have  not  been  examined* 

It  unites  difficultly  with  iron. 

1691.  When  silver  and  steel  are  fused  together,  an  alloy  is 
formed,  which  appears  perfect  while  in  fusion,  but  globules  of 
silver  exude  from  it  on  cooling,  which  shows  the  weak  attrac- 
tion of  the  metals.     At  a  very  high  temperature  the  greater 


•  Phil  M-.f.  N.  B,  1.  34$. 
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part  of  the  silver  evaporates,  but  a  portion  equal  to  about  I  io 
500  remains,  forming;  a  perfect  alloy^  admirably  adapted  to  the 
formation  of  cutting -instruments.^ 

1692.  Silver  readily  combines*  with  zinc  and  tin,  forming 
brittle  alloys.  The  alloy  of  silver  with  copper  is  of  the  most 
importance,  as  it  constitutes  plate  and  coin.  By  the  addition 
of  a  small  .proportion  of  copper  to  silver,  the  metal  is  rendered 
harder  and  more  sonorous,  while  its  colour  is  scarcely  im{)aired. 
With  lead  the  alloy  is  grey  and  brittle,  as  aisg  with  antimony, 
bismuth,  cobalt,  and  arsenic. t 

1693.  Amalgam  of  silver  is  sometimes  employed  for  /?/o/- 
ing ;  it  is  applied  to  the  surface  of  copper,  and  the  mercury 
being  evaporated  by  heat,  the  remaining  silver  is  burnished. 
The  better  kind  of  plating,  however,  is  performed  by  the  appli- 
cation of  a  plate  of  silver  to  the  surface  of  the  copper,  which  is 
afterwards  beaten  or  drawn  out. 

1694.  A  mixture  of  chloride  of  silver,  chalk,  and  pearlash,  is 
employed  for  silvering  brass :  the  metal  is  rendered  very  clean, 
and  the  above  mixture  moistened  with  water  rubbed  upon  its 
surface.  In  this  way  thermometer  scales  and  clock  dials  are 
usually  silvered. 

1695.  The  analysis  of  alloyed  silver  is  a  very  important  pro- 
cess, and  in  cpntinual  practice  by  refiners  and  assayers.  It  may 
be  performed  in  the  humid  way  by  dissolving  the  alloy  in  nitric 
acid,  precipitating  with  muriatic  acid,  and  either  i^educing  the 
chloride  by  potassa  in  the  way  above  described  (1661),  or  esti- 
mating the  quantity  of  silver  which  it  oorftains.  The  usual 
method,  however,  \\^hich  is  employed  at  the  mint,  and  by  the 
refiners,  is  cnpellation. 

cupeiiaUon.  1696.  Of  the  useful  metals,  there  are  only  three  which  ai*e 
capable  of  resisting  the  action  of  air  at  high  temperatures  ;  these 
are  silver,  gold,  and  platinum;  the  others,  under  tbe  same  cir- 
cumstances, becom'e  oxidized ;  it  might,  therefore,  be  supposed, 
that  an  alloy,  containing  one  or  more  of  the  former  metals, 
would  suffer  decomposition  by  mere  exposure  to  heat  and  air, 
and  that  the  oxidable  metal  would  burn  away.  This,  however, 
is  not  the  case  ;  for  if  the  proportion  of  the  latter  be  small,  it 
is  protected,  as  it  were,  by  the  former;  or,  in  other  cases,  a 
film  of  oxide  coats  the  fused  globule,  and  prevents  the  further 
action  of  the  air.  These  difficulties  are  overcome  by  adding  to 
the  alloy  some  highly  oxidable  metal;  the  oxide  of  which  is 
fusible.     Lead  is  the  metal  usually  selected  for  this  purpose, 


AnaljBis  of 
alloys. 


*  Stoclart  and  Faraday,  on  tfao  AUoyR  of  Steel.     QiutrftfWy  Journal^  ix-'^Botfvn  .Toitr*  i.  1?Q. 

t  Tbe  tttindard  rilotr  of  Great  Britain  consists  or  lt-/x  of  pute  silver  ami  J  f-  cop^«er-  A  pouoi 
troy  llicruforo  is  cooiposcd  of  11  ux  2  dwti  pare  silver,  and  18d\vti  of  copper,  and  it  is  cuined  inla  SS 
ahillings.    B. 

The  ataodard  silver  of  the  United  States  conaiitaof  1483  parts  of  fnc  ailvcr  and  179  parts  of  cop- 
per. The  dollar  contains  410  grains  of  standard  Milver,  of  wliicli  37li  ipainn  nra  of  pure  vtUcr,  aad 
44;  grains  of  aiioy.    The  Truy  pound  of  atandard  silver  contains  10  ux  14  dHts4^V  Kra  of  fino 

silver,  and  1  ox  5  dwts  U^yV  ^^  of^alloy ;  and  is  coined  into  1311-  dollars ;  or,  13  oz  of  atandaral 
aiWer  are  eoinad  into  15  dollars. 
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though  bismuth  will  alio  answer.  Supposing^  therefore,  that 
an  alloy  of  silver  and  copper  is  to  be  assayed^  or  analyzed  by 
eupellation  :  (he  following  is  the  mode  of  proceeding. 

A  clean  piece  of  the  mtftal,  w«i|fhing  aboat  90  fcmmt,  ia  laminated,  and  AmTing. 
accurattrly  weif;bed  in  a  very  e«n«ibie  balanot.  It  it  then  wrapped  up  in  the 
requisite  qu;iiitity  of  sheet  lead^  (pure  and  reduced  trorri  lith«irg«^)  and  placed 
Vi\ou  a  ^mull  euptly  or  shallow  orucible,  made  of  bone  earth,  which  bap  been 
previuu*)^  heuttd.  The  whole  i»  then  placed  under  the  mnifle,  heated  to  brtfcht 
redness  ;  the  meialp  melt,  and  by  the  action  of  the  air  which  plays  or^r  the 
bot  furtV't,  thf  lead  «Qd  copper  are  oxidisecf  and  absorbed  by  the  ovpel,  and 
a  button  f)f  pure  tilv  er  altimately  remains,  th^  completion  of  the  process  being 
juflt^t  d  of  hj'  the  ce<>sation  of  the  oxidation  and  motioo  upon  the  surface  of  the 
glohnle,  Riid  by  the  Tery  Imlliant  appearance  assumed  by  the  silver  when  the 
oxidHtion  of  its  alloy  ceases.  The  tiottoo  of  pare  metal  is  then  suffered  to  cool 
graductUy,  and  it«  lo^s  of  weight  will  be  equivalent  to  tbe  weight  of  the  alloy, 
which  ba.o  been  separated  by  oxidation. 

To  perform  this  process  with  accuracy ,  many'precautions  are 
requisite,  and  nothing  but  practice  can  teach  these,  so  as  to 
enable  the  operator  to  gain  certain  results.*  , 


Section  XXXVI.     Gold. 

1697.  Gold  occurs  in  nature  in  a  metallic  state,  alloyed  with  Native. 
a  little  silver  or  copper,  andi  in  this  state  is  called  native  gold. 

Its  colour  is  various  shades  of  yellow  ;  its  forms  are  massive, 
ramose,  and  crystallized  in  cubes  and  octo^dra.  Large  quanti^ 
ties  of  this  metal  are  collected  in  alluvial  soils  and  in  the  beds 
of  certain  rivers,  more  especially  those  of  the  west  coast  of 
Africa  and  Peru,  Brazil,  and  Mexico.  It  is  found  in  various 
parts  of  'Europe  and  of  North  America,  especially  in  North 
Carolina.t 

1698.  Gold  may  be  obtained  pure  by  dissolving  standard  Method  of 
gold  in  nitro-muriatic  acid, evaporating  the  solution  to  dryness,  p^glTiJ. 
re-dissolving  the  dry  mass  in  distilled  water,  filtering,  and 
adding  to  it  a  solution  of  protosulphate  of  iron;  a  black  pow- 
der falls,  which,  after  having  been  washed  with  dilute  muriatic 

acid  and  distilled  water,  affords  on  fusion  a  button  of  pure 
gold. 

1699.  Gold  is  of  a  deep  yellow  colour.     It  melts  at  a  bright  cbaneter*. 
red  heat,vand  when  in  fusion  appears  of  a  brilliant  green  colour. 

Its  specific  gravity  varies  a  little  according  to  the  mechanical 
processes  which  it  has  undergone ;  but  it  may  be  stated  on  the 
average  at  19,3. 

*  An  excelloDt  article  upon  the  >iibject  will  be  fdunl  in  Aikin**  Chemical  Dictionary^  and  in  Mr 
Chiklrso*B  TroMtlation  of  Thcnard  on  Ckomieal  ^naltfoio. 

t  For  «a  •coonni  of  the  gold  minesof  Mortli  Carolinn  aeo  ^^menem^  Journal  tj  SeioneOt  ix-  S.— Tbf 
quantity  of  gold  from  North  Carolina  deposited  for  coinage  in  tbe  17. 3.  mintf  during  tbe  year  1F27. 
amounted  to  abaut  91,000  dollars  in  value;  the  whole  amount  received  to  Jan*  7, 1887^  was  nearly 
1  lO,tM0  and  R  generally  cxcodt  in  fincnen  the  standard  of  oar  gold  eoina. 
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Gold  is  so  malleable  that  it  may  be  extended  into  leaves 
which  do  not  exceed  ^jiu^th  of  an  inch  in  thicknesi.  It  is  also 
very  ductile  and  considerably  tenacious;  for  a  %vire  only  i^f^ths 
of  an  inch  in  diameter  will  sustain  a  weight  of  150  lbs. 

1700  Gold  may  be  melted  by  a  moderate  red  heat,  viz,  at 
about  5237^  Fah.  The  intense  heat -of  a  glass-house  furnace 
has  no  other  effect  than  to  keep  it  in*fusion,  and  even  exposure 
to  Mr  Parker*s  powerful  burning  lens,  for  several  hours,  occa*- 
sioned  no  loss  of  weight*  *  After  fusion,  it  crystallises  in  short 
quadrilateral  pyramids. 

It  shows  no  tendency  to  unite  to  oxygen  when  exposed  to 
its  action  in  a  state  of  fusion  ;  but  if  an  electric  discharge  be 
passed  through  a  very  fine  wire  of  gold,  a  purple  powder  is 
produced,  which  has  been  considered  as  an  oxide. 

1701.  Sulphuric,  nitric,  and  muriatic  acids,  have  separately 
no  evident  action  on  gold ;  but  the  last  mentioned  acid,  Proust 
has  observed,  by  long  boiling  with  finely  divided  gold,  dissolves 
a  small  portion.  Neither  does  any  acid,  of  which  oxygen  is  the 
acidifying  principle,  except  concentrated  sulphuric  and  nitric 
acids,  dissolve  the  oxides  of  gold,  and  even  those  acids  do  not 
Arm  permanent  compounds.  Nitric  acid  dissolves  it  only  when 
heated,  and  deposits  it  again  in  the  state  of  a  hydroxide  on 
adding  water.  Sulphuric  acid,  on  the  other  hand,  dissolves 
oxide  of  gold  at  common  temperatures,  but  decomposes  the 
oxide  when  heated  in  contact  with  it.*     IL  2.  144, 

1702.  Gold  an4  Oxygen^ — The*  chemical  history  of  the 
oxides  of  gold  is  as  yet  very  imperfect.  Berzelios  is  of  opinion 
that  there  are  three  oxides.  The  only  well  known  oxide  is  that 
which  is  supposed  to  exist  in  the  solution  of  gold  combined 
with  muriatic  acid.  It  may  be  prepared  by  mixing  with  a 
concentrated  neutral  solution  of  gold  a  quantity  of  pure  potassa 
exactly  sufficient  for  combining  with  the  muriatic  acid,  a  red- 
dish-yellow coloured  precipitate  subsides,  which  is  rendered 
anhydrous  by  boiling,  and  assumes  a  brownish  black  coloqr.t 
The  best  method  of  forming  it«  according  to  Pelleticr  is  by 
digesting  the  muriate  with  pure  magnesia,  washing  the  precipi- 
tate with  water,  and  removing  the  excels  of  magnesia  by  dilute 
nitric  acid. 

1703.  The  peroxide  of  gold  is  yellow  in  the  state  of  hydrate, 
and  nearly  black  when  pure,  is  insoluble  in  water,  and  is  com- 
pletely decomposed  by  solar  light  or  a  red  hea^  Muriatic  acid 
dissolves  it  readily,  yielding  the  common  gold  solution  ;  but  it 
forms  no  definite  compound  with  any  acid  that  contains  oxygen. 
It  may  indeed  be  dissolved  by  the  nitric  and  sulphuric  acids; 
but  the  affinity  is  so  slight  that  the  oxide  is  precipitated  by  the 
addition  of  water.  It  combines,  on  the  contrary,  with  alkaline 
bases,  such  as  .potassa  and  baryta,  apparently  forming  regular 
salts,  in  which  it  acts  the  part  of  a  weak  acid.     These  circum- 
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8tan(i6S  have  iddiiCed  M.  PeHetier  to  deny  that  the  peroxide  of 
gold  is  a  ^Hfiable  baae^  and  to  contend  that  the  muriatic  solution 
of  gold  is  in  reality  a  chloride  of  the  metal.  On  this  supposi- 
tion he  proposes  the  term  auric  acid  for  the  peroxide  of  gold, 
and  to  its  compounds  with  alkdies  he  gives  the  denomination  , 

of  autates.     T.  443.      * 

1704..  Oberkampf*  deduces  as  a  mean  of  three  experiments,  compoiition 
that  100  parts  of  gold  unite   with  10,01    oxygen;   Berzelius  *»^***«*'*'**^"* 
makes  the  proportion  of  the  latter  at  12,07 ;  and  Pelletier,  from  * 
the  composition  of  the  iodide,  deduces  it  to  be  10,03.     This  is 
assigned  as  the  composition  of  the  peroxide  ;  but  besides  this, 
he  supposes  that  there  is  a  protoxide  containinsc  only  one  third 
of  the  oxygen  which  exists  in  the  peroxide.     Their  composition 
•  may,  according  to  Pelletier,  be  stated  as  follows : 

Metal  Ozy^en- 

t>rotoxide    «    »     ^    »    »    •    •     100  -f    3,3495 
Ptroxide 100  -j-  10,03.     H.  3.  148. 

According  to  late  experiments  of  Dr  Thomson,  peroxide  of 
gold  consists  of  1  atom  gold  +  3  atoms  otygen  ;  and  the  muri- 
ate consists  of  2  atoms  muriatic  acid,  1  peroxide  of  gold  and  5 
atoms  of  water.t 

1705.  Chlorides  of  0old.—^The  proper  solvents  of  gold  are  Acuonof 
chlorine  and  nitro-muriatic  acid.  Oberkampf  |  prefers  the  ^^^^"^^ 
foilner,  because  a  purer  solution  is  obtained,  and  one  which 
cap  more  easily  be  freed  from  excess  of  acid.  Gold  leaf,  intro- 
duced into  chlorine  gas,  takes'iire  and  burns.  But  if  gold  leaf 
be  suspended  in  water,  into  which  chlorine  gas  is  passed,  it  is 
dissolved,  and  the  solution  may  be  concentrated  by  evapora- 
tion. 

To  dissolve  gold  in  nitro-muriatic  acid  Vauquclin§  reverses 
the  usual  proportions,  and  mixes  two  parts  by  weight  of  muri- 
atic acid  with  one  of  nitric.  *Three  parts  of  an  aqtia-regia  so 
composed,  are  equivalent,  he  finds,  to  four  made  with  the  com- 
mon proportions.  ^  « 

The  solution  of  gold,  in  whatever  way  prepared,  has  an 
orange  yello\^  colour  \  but  this  Oberkampf  finds,  is  owing  to  * 
an  excess  of  acid,  and  it  passes  to  a  bro^vnish  red,  as  soon  as 
the  redundant  acid  is  neutralized  or  expelled  by  heat.  The 
solution  should,  therefore,  be  evaporated  to  dryness,  and  the 
dry  mass,  care  being  taken  not  to  heat  it  too  strongly,  re-dis- 
solved in  water.  Or,  to  avoid  all  risk  of  decomposition,  the  ^ 
liquid  may  be  removed  from  the  fire  when  sufficiently  con- 
centrated to  become  solid  on  cooling.  The  solid  obtained  has 
a  deep  brownish  red  colour^  is  very  fusible,  and  readily  dis- 
solves in  water,  giving  a  reddish  yellow  solution.  The  solution 
^Pelletier  believes  to  be  a  real  chloride^  and  Hot  a  muriate j 
t)iough  occasionally  it  contains  a  little  free  muriatic  acid. 

*  jf«n.  dc  Ckim,  Izxz.  t  Sdiiu  Jour.  183* 
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N  If,  instead  of  removing  the  mass  from  the  fire,  it  be  heated 
still  longer,  chlorine  is  disengaged ^  and  a  lemon  yellow  com- 
^  pound  is  left,  which  is  a  sttb-cMaride*  By  strongly  urging  the 
heat,  the  whole  chlorine  is  expelled,  and  metallic  gold  only 
remains. 

According  to  Pelletier  there  are  tw6  chlorides  of  gold. 

HetaJ.  Chlorioa. 
The  proto-chloride  or  tub^cbloridc  ss  100  4-  14,715 
The  per-chtoride  (soluhlfc)      .     .     as  100  -f  44,145 

It  is  in  the  state  of  per*chloride  that  gold  exists  when  dissolved 
by  aqua-regia.     H.  2,  144. 
<3oidud  1706.  Gold  and  Bromine.^^Bromine  and  its  aqueous  solu* 

bromtao.       ^-^^  dissolvc  gold.     A  ycllow  compound  is  obtained,  which 
stains  animal  substances  of  a  violet  colour,  and  is  decomposed 
by  heat.      According  to   Lampedius  100  parts  contain  50  of 
^  gold.     It  dissolves  readily  in  water,  and  produces  a  deep  red 

liquid  which   yields  crystals  of  hydrobromaie  of  gold  :  one 
grain  of  the  crystals  colours  5000  grains  of  water. 
Iodine.  1707.  The  action  of  iodine  on  gold  has  been  examined  by  M* 

Pelletier.  When  hydriodate  of  potassa  is  added  to  chloride  of 
gold,  it  produces  a  very  copiogs  yellowish  brown  precipitate, 
insoluble  in  cold  water,  and  easily  decomposed  by  heat.  It 
gave  on  analysis 

lodinfc .34 

Gold       .66 

Triple  ehio-  170S.  Whcu  commou  salt  is  added  to  the  solution  of  gold 
aad  •odium  ^^  nitro-murlatlc  acid,  and  evaporated  to  dryness,  a  triple  chlo^ 
ride  of  s^old  and  aoUium  is  obtained  which  is  the  •^uri 
murias  of  the  PharmacopCBia.  It  was  first  formed  by  M. 
Chretien*  and  has  been  examined  by  M.  M.  Figuier  and  Be- 
rard.t  It  crystallizes  in  long  foyr-sided.  prisms,  of  a  beautiful 
orant^e  colour,  which  are  not  altered  by  exposure  to  the  air. 
Its  composition  is  stated  by  Dr  Thomson  as  follows. 

Compoiitioo.  Gold     ...' 25 

Chloride  of  Sodium      .     .....  7,5 

Chlorine 9 

Water 9 

60,51: 

FuiminAtiof       1 709*  A  solutioo  of  purc  ammonia  separates,  from  the  solu- 

'^'^*  tion  by  nitro-muriatic  acid,  an  oxide  of  gold,  and  a  portion 

of  ammonia,  uniting  with  the  oxide,  forms  a  compound,  which 

detonates  very  loudly  in  a  gentle  heat,  and  is  termed /u/mtna/- 

ing  gold. 

"  To  obtain  this  compound,  add  ti  toliition  of  ammonia  in  %Fa1er,  or  the  pure 

liquid  ammoniB,  to  the  dilute  folution  of  gold  ;  a  precipitate  will  appear,  which 
will  he  re-di»fto]ved  if  too  much  alkali  be  u^ed.     Let  the  liquor  be  filtered  andT 
wti«>h  ihe  sediment  which  remaius  on  the  filter  with  several  portions  of  warsn 

I 
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ivater.     Dry  it  by  eicposure  to  the  air,  without  any  artificial  heat,  and  preservt 
it  io  a  bottle,  cloted,  not  with  a  g^last  stopper,  but  merely  by  a  cork. 

A  small  portion  of  this  powder,  less  than  a  grain  in  weighty 
being  placed  on  the  point  of  a  knife  and  held  over  a  lamp,  de- 
tonates violently.  The  precise  temperature  which  is  required 
is  not  known,  but  it  appears  to  exceed  250^  Fahrenheit.  At 
the  moment  of  explosion,  a  transient  flash  is  observed.  Two 
or  three  grains,  exploded  on  a  pretty  strong  sheet  of  copper, 
will  force  a  hole  through  it.  Neither  electricity,  nor  a  spark 
from  the  flint  and  steel,  are  sufficient  to  occasion  its  detonation  ; 
but  the  slightest  friction  explodes  it,  and  serious  accidents  have 
happened  from  this  cause.         « 

This  detonation  is  explained  a^  follows;  fulminating  gold  is  Theory. 
an  oxide  of  that  metal,  combined  with  ammonia.  When  its 
temperature  is  raised,  the  ammonia  is  decomposed ;  the  hydro- 
gen of  the  alkali  unites  with  the  oxygen  of  the  oxide,  an^ 
reduces  the  gold  to  a  metallic  state ;  and  nitrogen  gas,  and  prc^  ' 
bably  aqueous  vapour,  are  liberated  in  a  highly  expanded  state. 
The  violent  impulse  of  these  aeriform  products,  on  the  surround- 
ing atmosphere,  appears  to  be  the  cause  of  the  loud  noise  that 
.    is  occasioned  by  the  explosion  of  this  compound. 

1710.  The  solution  of  eold  is  decomposed  by  many  bodies.  ReiriTai  of 

Into  a  dilate  solution  of  gold,  contained  in  a  glass  jar,  put  b  long  narrow  clip  ■olutioni. 
of  charcoal,  and  expoiie  (he  whole  to  the  direct  light  of  the  bud.     Thf  gold 
will  be  revived,  and  will  appear  on,  the  charcoal  in  a  metallic  state,  exhibiting      ^* 
a  very  beautiful  appearance.     The  eame  change  ensueft  without  light,  if  the 
aoltttion  be  exposed  to  a  temperature  of  ^l^**. 

Moisten  a  piece  of  white  taffeta  riband,  with  the  dilute  solution  of  gold,  and  £^^ 
expose  it  to  a  current  of  hydrogen  gas  from  iron  filings,  and  dilute  «ulphuric 
acid.     l*he  gold  will  be  redyced,  and  the  ribaud  will  be  gilt  with  the  metal. 
By  means  of  a  earners  hair  peucil,  the  gold  may  be  so  applied  at  to  exhibit 
regular  figure*,  wlien  reductfd. 

.  The  fiaine  experiment  may  be  repeated  by  sabstituting  phosphuretted  hydro- 
gen ..•for  co.nmon  hydrogen  gas.* 

1711.  Sevei^al  of  the  vegetable  acids,  but  particularly  the  DecompMod 
oxalic,  decompose  chloride  of  gold  at  common  temperatures,  iJiJJf'*^**^* 
especially  if  exposed  to  the  sun's  rays.      The  bin-oxalate  of 
potassa  is  still  more  efficient  \  an  effervescence  arises  from  the 
escape  of  carbonic  acid  ;  and  in  about  an  hour  all  the  gold  is 
revived.t     Tartaric  acid  does  not  produce  the  same  effect,  but. 
bi-tartrate  of  potassa  occasions  a  decomposition,  though  less 

rapid.     Acetic  acid  may  be  mingled  with  chloride  of  gold  with- 
out producing  any  change. 

1712.  Gold  is  precipitated  from  its  solution  in  a  metallic  Action  of 
,      form,  by  a  solution  of  green  sulphate  of  iron.     This  depends  on  ^^ 

'      the  affinity  of  the  protoxide  of  iron  for  a  further  quantity  of 
oxygen,  which  takes  it  from  the  oxide  of  gold. 

1713.  When  a  sheet  of  pure  tin  is  immersed  in  a  solution  ot^r^f 
i    gold,  the  oxide  of  gold  is  precipitated  of  a  purple  colour;  and. 


Cassias. 


*  For  a  detail  of  rariotn  experfmenta  of  a  similar  kind  eonsttlt  an  Esf ay  on  Combustion,  by  Mrs 
Folhamo ;  also  Count  Hunford^s  paper,  in  the  Pfti/Ms^tsot  TranamcU&nat  17W|  P«C«  449. 
t  Van  Moos. 

56 


442 


Phosphurel  cf  Gold, 


CHAP.  IV. 


/ 


SthorcAl  Ao- 
luUonofgold. 


Salphuret. 


PhMphoret 


Equivalent 
Damber  for 
gold. 


when  scraped  off  and  collected,  forms  the  purple  powder  of 
Cassius^  much  employed  in  enamelling.  Or  the  metallic  salt, 
largely  diluted  with  water,  may  be  put  into  a  glass  vessel,  with 
a  ifew  pieces  of  strain  tin.  In  a  short  time  the  liquor  will 
become  of  the  colour  of  red  wine,  and  a  very  light  flocculent 
precipitate  will  begin  to  precipitate,  leaving  the  liquor  clear. 
This,  when  well  washed  and  dried,  has  a  deep  purple  colour, 
and  is  the  precipitate  of  Cassius.  The  same  precipitate  is 
obtained  by  mixing  a  solution  of  gold  with  a  recently  made 
solution  of  tin  in  muriatic  acid. 

1714.  The  composition  and  colour  of  the  precipitates  of  gold, 
thrown  down  by  muriate  of  tin  at  the  minimum,  have  been 
shown,  by  Oberkampf,  to  be  ,va'riable.  The  colour  approaches 
more  to  a  violet,  as  the  salt  of  tin  bears  a  larger  proportion  to 
that  of  gold ;   and  the  colour  communicated  by  the  precipitate 

S  porcelain,  has  the  same  variable  character.  When  the  muri- 
.  e  of  gold  is  in  excess,  the  precipitate  has  more  of  a  rose  col- 
bur.     H.  2.  151. 

1715.  If  a  solution  of  gold  be  mixed  with  sulphuric  ether  it 
combines  with  the  oxide,  and  an  ethereal  solution  of  gold  is 
obtained.  Polished  steel  dipped  into  this  solution  acquires  a 
coat  of  gold,  and  it  has  hence  been  employed  for  gilding  deli- 
cate cutting  instruments. 

1716.  Sulphur'et  of  gold  \^  procured  by  passing  sulphuretted 
hydrogen  through  an  aqueous  solution  of  gold.  It  is  a  black 
substance,  and  is  a  true  sulphuret,  which  gives  up  its  sulphur 
on  the  application  of  heat.  It  is  composed  of  1  atom  gold,  and 
3  atoms  sulphur. 

The  sulphuret  of  gold  is  soluble  in  hydro-sulphuret  of  pot- 
assa.  Liquid  potassa  takes  up  a  part,  and  leaves  a  yellow  pow- 
der, which  is  metallic  gold.  The  alkaline  hydro-sulphurets  do 
not  dissolve  gold,  however  minutely  divided,  till  sulphur  is 
added,  when  probably  a  sulphuret  of  gold  is  formed,  on  which 
the  hydro-sulphuret  is  capable  of  acting.     H.  2.  151. 

1717.  Phosphuret  of  gold  is  obtained  by  heating  gold  leaf 
with  phosphorus,  in  a  tube  deprived  of  air  It  is  a  grey  sub- 
stance of  a  metallic  lustre,  and  consists  probably  of  1  propor- 
tional gold  +  1  phosphorus. 

1718.  There  is  still  some  room  for  hesitation  in  fixing  upon  a 
number  to  represent  the  weight  of  the  atom  of  gold,  on  account 
of  the  uncertainty  respecting  the  smallest  proportions  of  oxygen, 
chlorine,  &c.  with  which  it  is  capable  of  "forming  a  chemical 
compound.  It  appears  that  the  only  well-ascertained  oxide  of 
gold  is  that  which  contains,  according  to  Oberkampf,  10,01, 
and  to  fierzelius,  12,07  oxygen,  on  100  of  the  metal;  and  if 
this  be  the  only  oxide,  the  atom  of  gold  will  be  represented 
either  by  80,  or  by  70,  as  we  take  the  experimental  result  of 
the  former,  or  the  latter  chemist.  But  if,  with  Berzelius,  we 
consider  this  as  the  trttoxide,  and  view  the  sulphuret  also  as 
a  trito-sulphurety  the  atom'ic  weight  of  gold  will  be  198,86, 
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which  very  nearly  agrees  with  200,  the  number  derived  by 
Dr  Thofiisoni,  as  the  representative  of  gold.  The  whole  sub- 
ject appears,  however,  to  require  farther  investigation,  before 
an  equivalent  number  can  be  obtained  for  gold,  entitled  to  our 
full  confidence.     H    2.  152. 

17 1 9.  Alloys  of  Gold, — A  very  curious  detail  of  an  extended  auoj^ 
and  accurate  series  of  experiments  upon  the  alloys  of  gold  has 
been  published  in  the  Philosophical  Transactions  for  1803, 
by  Mr  Hatchett  r  his  experiments  were  generally  made  with 
11  parts  of  gold  and  1  of  alloy ;  or  38  grains  of  alloy  to  the 
ounce  of  gold. 

17^0.  The  alloys  of  gold  with  potassium,  sodium,  and  man-  withpota*- 
ganese,*  have  not  been  examined.     With  iron  the  alloy  is  mal-  "**"' 
leable^and  ductile,  and  harder  than  gold,  iis  colour  dull  white^ 
and  its  specific  gravity   16,885.     The^  meta»  expand  by  union, 
so  that  supposing  their  bulk  before  combination  to  have  been 
1000,  after  combination  it  is  1014,7. 

1721.  With  zinc  the  compound  is  brittle  and  brass-coloured.  -^■»**">«* 
Specific  gravity  16,937.   The  metals  contract  a  little  in  uniting, 

the  original  bulk  being  1000,  that  of  the  alloy  is  997.  The 
brittleness  continued  when  the  zinc  was  reduced  to  j'^th  of  the 
alloy.  The  fumes  of  zmc  in  a  furnace  containing  fused  gold, 
make  it  brittle. 

1722.  Tin  formed  a  whitish  alloy,  brittle  when  thick,  but -'''**'' *^"- 
flexible  in  thin  pieces.     Specific  gravity  17,307.     Bulk  before 
fusion  1000;   after  fusion  OSl.     So  that  there  is  considerable 
contraction.    The  old  chemists  called  tin  diaholus  metallorumj 

from  its  property  of  rendering  gold  brittle,  but  Mr  Bingley's 
experiments,  quoted  by  Mr  Hatchett,  show  that  ^^th  of  tin 
does  not  render  gold  brittle. 

1723.  The  alloy  of  lead  is  very  brittle  when  that  metal  only  -wiA>««»- 
constitutes  j-^^^  of  the  alloy ;  even  the  fumes  of  lead  destroy 

the  ductility  of  gold.  The  specific  gravity  18,080;  and  1000 
parts  become  1005.  A  very  remarkable  fact  in  respect  to  this 
alloy  is,  that  its  specific  gravity  diminishes,  to  a  certain  extent, 
as  the  proportion  of  lead  diminishes,  and  is  at  its  maximum 
when  the  lead  amounts  only  to  ^^^th  part,  the  quantity  of  gold 
remaining  the  same,  and  the  deficiency  being  made  up  with 
copper.* 

1724.  With  copper    (standard  gold)    the  alloy  is  perfectly  Aiioytwith 
ductile  and   malleable,  but  hardei;  than  pure  gold,  and  resists  ^^^' 
wear  better  than  any  other  alloy  except  that  with  silver.     Its 
specific  gravity  is  17,157.t 


*  A  table  ezhibitinj;  this  remarkable  fiiet  has  been  drawn  up  by  Mr  Hatchett.    Phil-  Tran*.  1803. 

tThe  gold  coin  of  Great  Britaui  10  ao  alloy  ofeleven  pa'^ts  of  gold  and  one  of  coppur ;  of  thii  ulloy.  q^q^^^. 
twenty  troy  ponndi  are  coined  into  034  eovereignt  and  one  half  eovereign  ;  one  pound  formerly  was 
-1.L    eoined  into  44^  guinea* ;  it  now  producefl  ^%%  aovereigna,  being  melted  or  alloyed  with  copper 

The  ftabdard  of  the  gold  coins  of  the  Unit«d  Slate*  cjnsiata  of  eleven  parts  of  fine  gold  to  one  part  ^*'*  .^^^j^  ^^ 
alloy,  which  alloy  eonsijts  of  silver  and  copper  in  any  convenient  proportion,  provided  the  silver  do  g^^igg^ 
pot  exceed  the  copper.    The  eagle  of  teo  doilais  cuataios  270  graini  of  standard  gold,  of  which  347^ 
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1725.  Arsenic  and  antimony,  when  alloyed   in  very  small 
proportions  with  gold,  destroy  its  colour  and  render  it  quite 
brittle. 
Anaiyiifl'of        1726.  The  analysis  of  most  of  the  alloys  of  gold  is  performed 
dioysofgoid.  jjy  cupellation.     The  triple  alloy  of  gold,  silver,  and  copper, 
may  be  analyzed  by  digesting  it  in  nitric  acid,  which  takes  up 
the  silver  and  copper,  and  leaves  the  gold  in  the  form  of  a  black 
powder,  which  may  be  fused  into  a  button,  and  weighed.     The 
silver  may  be  thrown  down  in  the  state  of  chloride  by  solution 
of  common  salt,  and  the  copper  precipitated  by  iron. 
Amy.  1727.    The  assay  of.  gold  is   more  complicated   than  that  of  * 

silver,  in  consequence  of  the  high  attraction  which  it  has  for 
copper,  and  which  prevents  its  complete  separation  l)y  mere 
cupellation.  An  alloy,  therefore,  of  copper  with  gold,  is  com- 
bined with  a  certain  quantity  of  silver,  previous  to  cupellation  ; 
this  is  then  cupelled  with  lead  in  the  usual  way,  and  the  silver 
is  afterwards  separated  by  the  action  of  nitric  acid. 

1728.  The  real  quantity  of  gold  or  silver  taken  for  an  assa}*- 
is  very  small;  from  18  to  36  grains,  for  instance,  for  silver,  and 
from  6  to  12  for  gold;  whatever  the  quantity  may  be  it  is  called 
the  assay  pound.  The  silver  assay  pound  is  divided  into  Id 
ounces,  and  each  ounce  into  20  penny-weights.  The  gold  assay 
pound  is  subdivided  into  24  carats,  and  each  carat  into  4  assay 
grains.* 

1729.  Mercury  and  gold  combii\e  with  great  e^se,  and  pro* 
duce  a  white  amalgam,  much  used  in  gilding.  For  this  purpose 
the  amalgam  is  applied  to  the  surface  of  the  silver;  the  mercury 
is  then  driven  off  by  heat,  and  the  gold  remains  adhering  to  the 

giulnf.         silver,  and  is  burnished.     This  process  is  called  water  gilding. 

In  gilding  porcelain,  gold  powder  is  generally  employed, 
obtained  by  the  decomposition  , of  the  chloride;  it  is  applied 
with  a  pencil,  and  burnished  after  it  has  been  exposed  to  the 
heat  of  the  porcelain  furnace. 

The  degree  of  purity  of  gold  is  expressed  by  the  number  of 
parts  of  that  metal,  contained  in  the  24  parts  of  any  mixture. 
Thus  gold,  which  in  24  sucb  parts  (termed  caralSy)  contains 
i^2  of  the  pure  metal,  is  ^aid  to  be  Z2  carats  fine.  Absolutely 
pure  gold,  using  the  same  language,  is  24  carats  fine ;  and 
gold  alloyed  with  an  equal  weight  of  another  metal,  12  carats 
fine.t 


gn.  are  lioe  ifold,  and  S9^  gn  alloy.  The  troy  pound  of  standard  gold  cootaina  11  us.  of  fine  gold 
and  1  ounce  ofR(loyfBod:ieoiDtfilint<;  SI  i  eiigles,  of  the  value  of  913|^  tloliara ;  oiOouoceaof  atandmrd 
pAA  are  coined  into  16  eaglet  of  the  value  of  160  dollan.  The  proportional  value  of  line  gold  to  fine 
ailver  by  the  lawi  of  the  Uuitod  Statca.  is  aa  1^  to  1 ;  ao  that  1  pound  of  fine  fold  ia  worth  IS  pouikda 
of  fine  silver.  The  proportional  vulue  of  the  di/Teront  gold  and  fifVer  coina  ia  derived  wholly  from  tbo 
prop  >rt!on  of  fine  gold  in  the  one,  to  the  fine  silver  in  the  other,  the  alloy  in  both  being  diaregarded. 
Thus  34|  grains  of  fine  gold,  being  one  tenth  of  the  fine  gold  in  our  eagle,  are  equivalent  to  our  doUmr, 
and  jnuitiplied  by  15  produce  371^.  the  graina  of  fine  ailver  in  thedoUar. 

*  Aikirt's  Z))cti(miiry     Article  w9««izy  • 

t  Many  curious  facts  relating  to  the  pr>){)ertioa  of  gold,  and  its  osea  in  the  arts,  will  be  found  in  Ur 
Lewia'a  PhiUtvfkUal  Cemmtr^  oftJu  ^rt$. 
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Section  XXXVII.     Platinum, 

1730.  The  original  repositories  of  native  platinum  are  not  Native, 
known,   it  having  hitherto   been  found  only  in  pebbles  and 
grains,*  generally  small  but  sometimes  upwards  of  a  pound  and 

a  half  in  weight.  It  is  principally  found  in  South  America,  in 
the  provinces  of  Choco  and  Barbacoas,  also  at  Matto  Grosso^in 
Brazil.  It  has  also  been  found  in  St  Domingo^t  and  in  Rus- 
sia.:): 

The  pure  metal  may  be  obtained   by  dissolving  crude  plati-  Mode  of 
num  in  nitro-muriatic  acid,  and  precipitating  by  a  solution  of  '^'*'"»««- 
muriate  of  ammonia.     This  first  precipitate  is  heated,  dissolved 
in  nitro-muriatic  acid,  and  again  precipitated  as  before.     The 
second    precipitate  is  heated    white  hot,    and  pure  platinum 
remains. §     It  is  a  white  metal.     Its  specific  gravity  is  2l,5.|| 

1731.  It  is  very  difficult  of  fusion,  but  may  be  melted  by  the  FoMdHytbe 
blow-pipe,  with  the  aid  of  oxygen  gas.     A  globule  weighing  Wow-pipe. 
29  grains,  boiled  violently  in  the  focus  of  a  lens  about  three 

feet  in  diameter;!  and  by  means  of  the  oxy-hydrogen  blow* 
pipe  more  than  200  grains  have  been  kept  boiling  for  some 
time. 
'  1732.  It  is  unaltered  by  the  joint  action  of  heat  and  air.     It  undteredby 
is  very  ductile,  and  may  be  drawn  into  wire  about  the  2000th  *»»«<*  *>«»^ 
part  of  an  inch  in  diameter.     It  is  malleable,  and  may  be  beatcQ 
into  very  thin  plates,  cMed  platina  JoiL 

1733.  In  common  with  iron,  platinum  has  the  property  of  ju.  i^ 
welding,**  which'  is  peculiar  to  these  two  metals.  It  may,alsO|  ^«Wed. 
be  united  by  welding,  with  iron  and  steel. 

1734.  Platinum  has  been  discovered  by  Dr  Wollaston  to  be  J2^*"*'hSu 
a  remarkable  slow  conductor  of  heat.     It^expansion  by  heat  is 
considerably  less  than  that  of  steel.     From  the  experiments  of 

Mr  Scott  of  Dublin,  it  appears  to  possess  sufficient  elasticity  to 
be  applicable  to  making  of  pendulum  springs  for  walclies.tt 

1735.  JPlalinum  and  Oxt/^en^y-Two  oxides  of  platinum  OvOm, 
have  been  described  by  Berzelius.|:):    The  protoxide  is  prepared 


"  «>loh*s  MiocirAlogy,  ii.  441. 

t  Theae  grainS|  besidea  platioam,  eontAtn  generally  gold,  iroD,  iced,  palladium,  rhodiom,  iridiuRit 
Mid  usmiaBi* 

X  Prof.  Oaann  hee  diaeovered  three  new  metala  in  the  Uralian  platinam,  which  have  not,  however, 
been  n^^d.     ^«fi.  Phtlos.  Not.  1887. 

^  V^^ua  prooessea  have  been  given  for  obtaining  pure  platinam,  for  which,  aee  Alkin*a  £>te(i«iMi- 
rp,  article  I'latinam;  Ure*a  DicUoiuuryf  p.  640 ;  Qaarf.  ^r.  xii.  347.  Thenanl,  TraiU  tU  CHmm,  iii. 
479,  edit.  4. 

tt  17,333  (rolled  moaaea)  Hoha. 

H  ^na.  de  C%m.  bciz.  93- 

*  *  Two  piecea  of  wcooght  iron,  raiaed  t0  a  white  Heat,  become  covered  with  a  kind  of  vamirii ;  and, 
irhen  brought  into  contact,  may  bo  penaaaeatly  united  by  forgiiif «    Thieie  caJled  the  welding  of  iron. 

ft  Nicholaoo'a  Jemmai,  zxii.  148. 

tt  Ann.  4e  Chim.  87. 19iL  ^ 
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by  the  action  of  potassa  on  the  protochloride  of  platinum.  It  is 
of  a  biack  colour  and  consists  of 

Platinum 92,35    ....     100, 

•  Oxjgen 7,65    ....        b,287 

100,  108,287 

The  peroxide,   according   to    the   same  chemist,   has  been 
obtained  only  in  combination.     It  is  composed  of 

Platinum #5,93     ....     100, 

•  Oxygen 14,07     ....      16,38 

100,  116.39 

ProtozidA.  •  1736.  By  pouring  a  neutral  proto-nitrate  of  mercury  into  a 
dilute  solution  of  chloride  of  platinum  in  hot  water,  Mr  Cooper 
obtained  what  he  considers  the  protoxide  of  platinum.  The 
precipitate,  a  mixture  of  calomel  and  protoxide  of  platinum, 
after  being  carefully  washed  and  dried,  was  exposed  to  a  heat 
barely  sufficient  to  raise  the  calomel,  after  which  there  remaiuT 
ed  an  intensely  black  powder.  By  distillation  Mr  Cooper 
ascertained  that  this  powder  is  composed  of  100  parts  of  plati- 
b'*B?l**'i^  num  + 4,517  oxygen.*  It  has  been  objected,  however,  by 
AodDavy.  Bcrzelius,  and  Mr  E.  Davy,  that  the  temperature  required  to 
sublime  calomel  is  sufficient  to  deprive  oxide  of  platinum  of 
part  of  its  oxygen;  and,  therefore,  that  the  true  composition  of 
the  protoxide  cannot  be  determined  by  Mr  Cooper's  method. 

1737.    According    to    Vauquelin,    the    oxide   of    platinum, 
obtained  from  the  chloride  by  means  of  soda'  is  constituted  of 
100  metal  +  15  or  16  oxygen.t     H.  2.  155. 
Deutoxideof       I7;t8.  Another  oxide  has  been  described    by  Mr  E.  Davy, 
Mr  Davy.      which  appears   to   be  intermediate  between  *the  peroxide,  as 
stated  by  Berzelius  and  Vauquelin,  and  the  protoxide  of  the 
former  chemist.     It   was  formed*  by   boiling  together  strong 
nitric  acid,  and   fulnvinating  platinum,  drying  the  product  and 
heating  it  just  below  redness ;   then  washing  with  water,  and 
finally  with  a   little  potassa.      It  was  shown    by  analysis,  to 
contain  9Q  or  1  atom  of  platinum,  and  12  parts  or  an  atom  and 
a  half  of  oxygen.} 
ehiorido.  1739.  Chloride  of  Platinum. — Platinum  is  not  acted  upon 

by  any  ^ther  solvents  than  the  nitro-muriatic  acid,  and  chlo- 
rine.§  The  former  is  best  adapted  to  effect  this  solution.  Shc- 
teen  parts  of  the  compound  acid  are  to  be  poured  on  one  of  the 
pure  laminated  metal,  and  exposed  to  heat  In  a  glass  vessel ; 


*  Quarterly  Jaumai^  lit.  f  ^ii».  de  Chim'  H  PA] 

X  A  compound  po«itccsing  similar  propertiA,  hu  been  formed  by  M.  Zeise  in  the  fonowir^  mon* 

ner :   one  part  of  chloride  of  piutinuoi,  and  twelve  parts  uf  alcuhol  of  sp.  fr.  0,813  are  to  bo  put  into 

a  retort,  and  heated  »lowly  until  tlie  chloride  becomes  black,  and  the  liquid  clear  and  cotoorl^si. 

The  fluid  being  dernnled,  iho  precipitate  is  to  be  washed  with  warn  water  until  all  acid  is  removoiti 

and  thou  caret  all  j  dried.    Bull   Univ-  A.  ix.  1S9. 
$  PlatiuuiD,  by  boin;  alloyed  with  silver  and  gold,  is  midered  soluble  in  nitric  acid  ;  40  PkH  Mmfi 

1 ;  the  saoao  fact  has  been  esiabiiaked  reapeclinj*  the  alloys  of  platinum  witJi  Bine  and  copper ;  Qitfcrl 

J»mr.  3.  Ua. 
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nitrous  gas  is  disengaged ,  and  a  reddish  coloured  solution  is 
obtained^  which  gives  a  brown  slain  to  the  skin.  When  this 
solution  is  evaporated,  and  heated  to  whiteness,  chlorine  gas  is 
evolved,  and  may  be  collected  in  a  proper  apparatus.  The  dry 
compound  investigated  ||>y  Mr  E.  Davy,  gave  18,5  per  cent.  of. 
chlorine. 

1740.  The  solution  affords  crystals  which  are  very  deliques-  Effbci  of 
cent  and  acrid.  This  solution  is  distinguished  by  affording  a  *""**'"*• 
precipitate  upon  the  addition  of  muriate  of  ammonia. 

When  this  precipitate  is  heated  to  redness,  the  platinum 
remains  in  the  form  of  a  delicate  porous  mass,  and  is  the  spongy 
platinum  which  Professor  Doebereiner  discovered  to  possess  the 
property  of  determining  the  combination  of  hydrogen  and 
oxygen.      (379.) 

The  theory  of  this  effect  of  platinum  is  very  obscure.  Doe- 
bereiner  considers  the  phenomenon  as  an  electric  one,  the 
hydrogen  and  platinum  forming,  he  supposes,  a  voltaic  combi- 
nation,  in  which  the  former  represents  the  zinc.  From  the 
experiments  of  Dglong  and  Thenard,  it  appears  that  the  mix- 
ture of  atmospheric  air,  or  of  oxygen,  with  the  hydrogen  gas  is 
necessary  to  render  the  platinum  incandescent.  That  metal 
exerts  no  action,  not  even  a  slow  one,  on  the  mixed  ga^es, 
when  in  fine  powder,  nor  when  laminated  or  drawn  into  fine 
wire;  but  when  beat  into  the  thiniicst  leaves  which  it  is  capable 
of  forming,  and  especially  when  rumpled  like  the  wadding  of  a 
gun,  it  was  found,  by  the  same  chemist,  to  be  efficient  at  com- 
mon temperatures.  Thicker  leaves  and  wire  acted,  though 
slowly,  at  temperatures  between  2  and  300^  centig.  'Gold 
and  silver  in  very  fine  leases  were  efficient  at  a  heat  below  that 
of  boiling  water,  and  spongy  palladium  and  iridium  inflamed 
hydrogen  at  common  temperatures.  Spongy  platinum  loses  its 
power  after  being  heated.* 

Professor  Dana  found  that  spongy  platinuno^  is  also  ignited  by 
the  vapour  of  alcohol  or  ether.t 

1741.  According  to  Dr  Thomson,  spongy  platinum  consists  Compodtioiu 
of  1  atom  of  platinum,  2  atoms  of  chlorine,  and   1  atom  of  sal- 
ammoniac4 

*  .^mi.  de  cam.  H  tU  Pky».  xxfii.  440.  t  ./fwer.  Jour.  4cc.  TiiLIOS. 

}  M  Dcsborainer  procuA  this  Bnbitance  by  the  foIlowiBj^  prooeM :  mix  muriate  of  platinum  with 
noutral  tartrate  of  Boda  dinsolved  in  water ;  thii  mixture  ii  to  be  heated  in  a  gioM  tuhf  (about  ^  or  ^ 
of  an  inch  in  diameter,  and  30  to  30  incbee  in  length)  until  the  fluid  ia  rendered  alighily  turbid,  and  it 
IB  oflerwarda  to  be  ex}>oaed  for  several  daya  to  the  aun^a  raya.  Thd  greater  part  of  the  platinum  la 
lMmM|d  from  solution,  and  depoaitod  io  the  atate  uf  mioate  lamine  of  a  greyiah^black  colour,  on 
tlmJIj^Bf  the  glaw.  The  tube  and  its  contenta  are  to  be  put  into  a  giaaa  vooi-e!  containing  water, 
and  it^W  be  filled  with  hydrogen  gas.  The  platinum  deposited  ujion  the  glasb  bcconic:^  hlrnoat  im- 
mediately white  and  shining  like  silver.  The  platinum  may  be  then  readiiy  di  tached  from  the  glaaa. 
Baring  the  reduction  of  the  platinum,  by  this  proeeae,  the  tartaric  acid  is  partly  converted  into  car- 
bonic and  formic  acid.  The  amaUer  the  laminee  of  the  motai  are,  the  more  readily  ia  the  incnndea- 
oence  produced.  Spongy  platinum  (for  the  lampa  for  inatantaneoua  light,  fig  d6)  ia  prepared  of  great  PI.  iv* 
power  by  moiatening  the  muriate  of  ammonia  and  platinum  with  a  concentrated  solution  of  ammonia  ; 
the  paate  formed  ia  to  be  beated  to  redneaa  in  an  earthen  or  platinam  crucible.  Ilenamaon'a  Repcrt  de 
CUab  Jte. 
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Salts  of  Platinum* 


CHAP.  ir. 


8oda*murh 


1742.  The  solution  of  platinum   forms  a  triple  combination 
^^             with  soda,  or  soda-tnuriate.     This  is  best  obtained  by  adding 

to  nitric  acid,  in  a  retort,  platinum,  with  twice  its  weight  of 
muriate  of  soda,  and  applying  heat  till  about  four  fifths  of  the 
•fluid  have  come  over.  The  ren^iiningSquor  forms,  on  cooling, 
fine  prismatic  crystals,  sometimes  four  or  five  inches  long;  and 
either  reddish  brown,  like  titanium  ;  yellow  like  amber,  or  of 
a  beautiful  coquelicot  colour.*     H.  2,  157. 

1743.  Ferro-cyanate  of  potassa  afibrds  no  precipitate  with 
solution  of  chloride  of  platinum.  The  addition  of  potassa  occa- 
sions a  precipitate  of  a  triple  compound  of  the  alkali  and  acid.t 
Sulphuretted  hydrogen  occasions  a  black  precipitate.  Ether 
separates  the  oxide  of  platinum  in  the  same  way  as  that  of^old. 
Muriate  of  tin  occasions  a  very  characteristic  red  precipitate  in 
very  dilute  solution  of  platinum. 

Tcfti.  1744.  A  solution  ofplatinum,  so  dilute,  as  to  be  scarcely  distin- 

guishable from  water^  assumes  a  bright  red  colour,  on  the  addi- 
tion of  a  single  drop  of  the  recent  solution  of  tin.  Professor 
'  Silliman  recommends  hydriodic  acid  as  the  best  test  of  platinum. 
When  dropped  into  a  weak  solution  of  that  metal  it  produces  a 
deep  wine  red  colour,  or  reddish  brown,  which,  on  standing 
becomes  very  intense. 

Buipburet*.  1745.  There  are,  according  to  Mr  E.  Davy,  three  sulphurets 
of  platinum.  The  first,  formed  by  heating  the  finely-divided 
metal  with  sulphur  ;  the  second  by  precipitating  nitro-muriate 
of  platinum  by  sulphuretted  hydrogen  ;  and  the  third,  by  heat- 
ing 3  parts  of  the  ammonio-muriate  with  2  of  sulphur. 

1716.  According  to  the  same  autl^ority  there  are  two  phos* 
phurets.  The  first,  obtained  by  heating  phosphorus  with  the 
metal ;  the  second,  by  heating  phosphorus  with  the  ammonio- 
muriate  of  platinum. 

Sulphate.  1747.  The  salts  of  platinum  have  been  but  little  examined. 

Proust  and  Davy  have  described  a  sulphate^  obtained  by  acidi- 
fying the  sulphur  in  the  sulphuret  by  means  of  nitric  acid.  It 
is  of  a  brown  colour,  and  very  soluble ;  and  with  soda,  potassa, 
and  ammonia,  it  forms  triple  salts. 

Mr  Davy  finds  the  solution  of  the  sulphate  in  water  to  be  an 
excellent  test  for  discovering  gelatine. 

1748.  Mr  E^  Davy  found  that  the  precipitate  by  a  alight 
excess  of  ammonia,  when  boiled  in  potassa,  wished  and  dried. 

Fulminating.  WQS  a  fulminating  ptattnum  ;  it  explodes  at  about  420°,  with 

pjauauni.  ^  ygpy  j^^y^j  rgport.J  One  grain  laid  on  a  thin  sheet  of  copper 
and  exploded  produces  a  report  louder  than  that  of  a  pisto^^ul 
the  copper  is  deeply  indented.  Like  fulminating  goldidlMk 
incapable  of  being  exploded  by  percussion. 


*  JfiekoU»u*»  J^ur*  8vo.  ix.  ST.— AcoordtQg  Co  Dr  Thomson,  it  may  ba  cooHdered  aitliar 

pound  of 

J  Rtom  bidtlAnde  of  platinum  Or  of       1  atom  bi  prnTtnriat«»  of  phttiBua 

1    ••      rhioridc.  ofiudium  1      ''    munate  of  soda 

8  atoTDB  of  waier  5  ainn*H  of  uatur. 

tOr  PBtassO'ViuriaU.     H.  t  PkiL  Traw.  1817. 
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1749.  A  y&tY  singular  compound  of  platinum  is  described 
by  Mr  E.  Davy,  in  the  Philosophical  TransftctionSy  (1820,  p. 
108),  obtained  by  mixing  equal  volumes  of  strong  aqueous  solu- 
tion of  the  sulphate  and  of  alcohol.  The  colour  of  the  sulphate 
slowly  disappears,  and  in  some  days  a  black  substance  subsides, 
which  is  washed  and  dried.  It  is  also  formed  by  boiling  the  * 
sulphate  and  alcohol  together  for  a  few  minutes.  '  This  substance 

is  permanent  in  the  air  and  insoluble  in  water.  It  detonates 
feebly  when  heated,  and  is  not  affected  by  chlorine,  nor  by 
nitric,  sulphuric,  and  phosphoric  acids ;  but  it  is  slowly  soluble 
in  muriatic  acid.  Put  into  liquid  ammonia  it  acquires  fulmi- 
nating properties,  and  plunged  into  the  gas  it  becomes  red-hot :  ' 
the  same  phenomenon  i^  exhibited  by  exposing  it  to  the  vapour 
of  alcohol,  or  by  placing  it  upon  a  piece  of  paper  moistened 
with  that  fluid :  in  these  cases  the  platinum  is  reduced  with  the 
evolution  of  heat,  and  the  ignition  seems  to  depend  upon  the 
slow  combustion  of  the  vapour  of  the  alcohol,  as  has  been  else- 
where shown.  (199).  From  Mr  Davy's  analysis  of  this  com- 
pound, it  appears  to  contain  96,25  platinum,  0,12  oxygen, 
0#106  carbon,  3,6194  nitric  acid  and  water;  the  acid  being* 
derived  from  the  mode  of  preparing  the  sulphate. 

1750.  The  alloys  of  platinum  are  not,  in  general,  character-  Aiioyt. 
ized  by  useful  properties.      Its  affinity  for  lead  is  strikingly 
3hown  by  the  following  experiment. 

If  a  piece  of  lead  foil,  and  another  of  piatinom  foil,  of  equal  dimeniionfi,  be  £zp. 
rolled  ap  toj^ether,  and  the  flame  of  a  caudle  be  cautioa^ly  directed  by  a  blow* ' 
pipe  towards  the  edgei  of  the  roIK  at  about  a  red  heat,  the  two  metal**  will 
combioe  with  a  sort  of  explosive  force,  scattering  their  melted  particles  and 
emitting  light  and  heat  in  a  surprising  manner.*     A  small  bit  of  tin,  zinc,  or    ) 
antimony,  rolled  in  platinoni  leaf,  and  treated  in  the  like  manher,  exhibits 
similar  appearances. 

1751.  Zinc,  bismuth,  tin,  and  arsenic,  readily  combine  with 
platinum,  and  form  fusible  alloys.  It  also  unites,  though  less 
readily,  with  copper,  lead  and  iron.  It  combines  with  gold, 
and  unless  there  be  great  excess  of  the  latter,  the  colour  of  the 
alloy  resembles  platinum. 

1752.  By  combining  7  parts  of  platinum  with  16. of  copper 
and  1  of  zinc,  Mr  Cooper  obtained  a  mixture  much  resembling 
gold.t  Sixteen  parts  by  weight  of  pure  platinum,  seven  parts  o(^ 
copper,  and  one  of  zinc  equally  pure,  mixed  together  in  a  cru- 
cible, and  covered  with  charcoal  powder,  when  perfectly  fused, 
form  an  alloy  which  has  been  called  by  Dr  Hermstadt  artificial 
gold.  It  nearly  resembles  gold  in  specific  gravity,  colour  and 
ductility. 

1753.  The  alloys  of  steel  and  platinum  have  been  examined  stMUad 
by  Stodart  and  Faraday.    They  combine  in  all  proportions,  but  ^^'^' 
from  1  to  3  per  cent  of  platinum  appears  best  adapted  for  cutting 
instruments.     Equal  weights  of  tho  two  metals  produce  a  fine 

bard  and  brilliant  alloy  of  a  specific  gravity  of  9,862 ;  it  appears 
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well  adapted  for  mirrors,  for  it  takes  a  fine  polish  and  does  not 
tarnish.  An  alloy  of  90  platinum  and  20  steel  has  a  specific 
gravity  of  15,88. 

1754.  Wires  of  steel  and  platinum,  when  welded  and  polish- 
ed, exhibit  a  curious  and  beautiful  surface,  especially  when  the 
steel  parts  are  slightly  acted  upon  by  dilute  acid.  The  weld- 
ing property  of  platinum  may  be  Usefully  applied  in  the  arts ; 
rings  may  be  joined  so  as  to  form  a  chain,  the  durability  of 
which  must  add  to  its  value;  and  with  a  view  to  economy, 
platinum  may  be  joined  to  iron  or  steel  for  many  uses  in  the 
laboratory  of  the  chemist. 


CHAPTER  V. 


Section  I.     Chemical  Analysis — Of  the  Analysis  qf 

Minerals. 

1755.  Chemical  analysis  consists  of  a  great  variety  of  opera<* 
tions,  performed  for  the  purpose  of  separating  the  component  parts 
of  bodies.  In  these  operations  the  most  extensive  knowledge 
of  such  properties  of  bodies  as  are  already  discovered  must  be* 
applied,  in  order  to  produce  simplicity  of  effect,  and  certainty 
in  the  results.  Chemical  analysis  can  hardly  be  executed  .with 
success,  by  one  who  is  not  in  possession  of  a  considerable  num- 
ber of  simple  substances  in  a  state  of  great  purity,  many  of 
which,  from  their  effects  are  called  reagents. 

As  most  of  the  improvements  in  the  science  of  chemistry 
otrjeetor  consist  in  bringing  the  art  of  analysis  nearer  to  perfection,  it  is 
2322J  not  easy  to  give  any  other  rule  to  the  learner  than  the  general 
one  of  consulting  and  remarking  the  processes  of  the  best 
chemists,  such  as  Scheele,  Bergman,  Berthollet,  Kirwan,  Vaoi* 
quelin,  and  Berzelius.  The  bodies  which  present  themselves 
more  frequently  for  examination  than  others,  are  minerals  and 
mineral  waters.  In  the  examination  of  the  former,  it  was  the 
^abit  of  the  earlier  chemists  to  avail  themselves  of  the  action 
of  fire,  with  very  few  humid  processes,  which  are  such  as  might 
be  performed  in  the  usual  temperature  of  the  atmosphere. 
Modern  chemists  ha\*e  improved  the  process  by  fire,  by  a  very 
extensive  use  of  the  blow-pipe :  and  have  succeeded  in  deter- 
mining the  component  parts  of  minerals  to  great  accuracy  in 
the  humid  way.     U.  161. 

The  most  common  constituents  of  these  compounds  are  silica, 
alumina,  iron,  manganese,  limci  magnesia^  potassa,  soda,  and  the 
carbonic  and  sulphuric  acids. 
BviaUoii.  1756.  In  attempting  to  separate  two  or  more  fixed  principles 

from  each  other,  the  first  object  of  the  analytical  chemist  is  to 
bring  them  into  a  state  of  solution.    If  they  are  soluble  in  water^ 


nSSct.  u  Jinalyais  of  SRnerab. — Solution.  451 

this  fluid  is  preferred  to  every  other  menstruum  ;  but  if  not^  an 
acid  or  any  convenient  solvent  may  be  employed.  In  many 
instances,  however,  the  substance  to  be  analyzed  resists  the 
action  even  of  the  acids,  and  in  that  case  the  following  method 
is  adopted  : — ^^Fhe  compound  is  first  crushed  by  means  of  a  ham- 
mer or  a  steel  mortar,  and  is  afterwards  reduced  to  an  impalpa- 
ble powder  in  a  mortar  of  agate ;  it  is  then  intimately  mixed 
with  three,  four,  or  more  times  its  weight  of  potassa,  soda, 
baryta,  or  their  carbonates ;  aud,  lastly,  the  mixture  is  exposed 
in  a  crucible  of  silver  or  platinum  to  a  strong  heat.  During 
the  operation,  the  alkali  combines  with  one  or  more  of  the  con- 
stituents of  the  mineral ;  and,  consequently,  its  elements  being 
disunited,  it  no  longer  resists  the  action  of  the  acids. 

i.  •dnatysis  qf  Marble  or  Carbonate  of  Lime. — This  analy-  Anaitnaof 
sis  is  easily  made  by  exposing  a  known  quantity  of  marble  for  ^^Louto 
about  half  an  hour  to  a  full  white  heat,  by  which  means  the  «f  **"•• 
carbonic  acid  gas  is  entirely  expelled,  so  that  by  the  loss   in 
weight  the  quantity  of  each  ingredient,  supposing. the  marble 
to  have  been  pure,  is  at  on(%  determined.     In  order  to  ascertain 
that  the  whole  loss  is  owing  to  the  escape  of  carbonic  acid,  the 
quality  oi  this  gas  may  be  determined  by  a  comparative  analysis. 
Into  a  small  flask  cc^taining  muriatic  acid  diluted  with  two  or 
three  parts  of  water,  a  known  quantity  of  marble  is  gradually 
added,  the  flask  being  inclined  to  one  side  in  order  to  prevent 
the  fluid  from  being  thrown  out  of  the  vessel  during  the  efier- 
vescence.     The  diminution  in  weight  experienced  by  the  flask 
and  its  contents,  indicates  the  quantity  of  carbonic  acid  which 
has  been  expelled. 

Should  the  carbonate  suffer  a  greater  loss  in  the  fire  than 
when  decomposed  by  an  acid,  it  will  most  probably  be  found  to 
contain  water.  This  niay  be  ascertained  by  heating  a  piece  of 
it  to  redness  in  a  glass  tube,  the  sides  of  which  will  be  bedewed 
j^  with  moisture,  if  water  is  present.  Its  quantity  may  be  de- 
termined by  causing  the  watery  vapour  to  pass  thi*ough  a 
weighed  tube  filled  with  fragments  of  the  chloride  of  calcium^ 
by  which  the  moisture  is  absorbed. 

The  more  common  kinds  of  carbonate  of  lime  frequently  con-  ^f?"*^ 
tain  traces  of  siliceous  and  aluminous  eardis,  in  consequence  of  nufmna. 
which  they  are  not  completely  dissolved  in  dilute  muriatic  acid. 
A  very  frequent  source  of  impurity  is  the  carbonate  of  magnesia^ 
which  is  often  present  ia  such  quantity  that  it  forms  a  peculiar 
compound  called  magnesian  limestone.  The  analysis  of  this 
substance^  so  far  as  respects  carbonic  acid,  is  the  same  as  that  of 
marble.  The  separation  of  the  tw(h-#arths  may  be  coveniently 
effected  in  the  manner  described  paragraph  1198. 

ii.  Earthy  aulpAutes. — The  most  abundant  of  the  earthy  sul-  S"^*"*' 
phates  18  that  of  lime.     The  analysis  of  this  compound  is  easily    "*^ 
effected.     By  boiling  it  for  fifteen  or  twenty  minutes  with  a 
solution  of  twice  its  weight  of  the  carbonate  of  soda,  double 
decomposition  ensues ;  and  the  carbonate  oi  lime,  after  being 
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collected  on  a  filter  and  washed  with  hot  water,  is  either  heated 
to  low  redness  to  expel  the  water,  and  weighed,  or  at  once  re- 
duced to  quicklime  by  a  white  heat.  Of  the  dry  carbonate,  fifty 
{^arts  correspond  to  twenty-eight  of  lime.  The  alkaline  solution 
8  acidulated  with  muriatic  acid,  and  the  sulphuric  acid  thrown 
by  the  muriate  of  baryta.  From  the  sulphate  of  this  earth, 
collected  and  dried  at  a  red  heat,  the  quantity  of  acid  may  eaaly 
be  estimated. 

The  method  of  analyzing  the  sulphates  of  strontia  and  bdry ta 
is  somewhat  difierent.    As  these  salts  are  difficult  of  decomposi- 
tion in  the  moist  way,  the  following  process  is  adopted.     The 
sulphate,  in  fine  powder,  is  mixed  with  three  times  its  weight 
of  the  carbonate  of  soda,  and  the  mixture  is  heated  to  redness 
in  a  platinum  crucible  for  the  space  of  half  an  hour.     The 
ignited  mass  is  then  digested  in  hot  water,  and  the  insoluble 
earthy  carbonate  collected  on  a  filter.    The  other  parts  of  the 
process  are  the  same  as  the  foregoing, 
conpoondf        iii.  Cotnpounds  qf  Silica^  •dluminaf  and  Iron. — Minerals, 
miu^^^^  thus  constituted,  are  decomposed  hf  an  alkaline  carbonate,  at  a 
iron.  red  heat,  in  the  same  manner  as  the  sulphate  of  baryta.     The 

mixture  is  afterwards  digested  in  dilute  muriatic  acid,J)y  which 
means  all  the  ingredients  of  the  mineral,  if  the  decomposition 
is  complete,  are  dissolved.  The  soliition  is  next  evaporated  to 
dryness,  the  heat  being  carefully  regulated  towards  the  close  of 
the  process,  in  order  to  prevent  any  of  the  chloride  of  iron,  the 
volatility  of  which  is  considerable,  from  being  dissipated  in 
vapour.  By  this  operation,  the  silica,  though  previously  held 
in  solution  by  the  acid,  is  entirely  deprived  of  its  solubility;  so 
that  on  digesting  the  dry  mass  in  water  acidulated  with  muriatic 
acid,  the  alumina  and  iron  are  taken  up,  and  the  silica  is  left 
in  a  state  of  purity.  The  siliceous  earth,  after  subsiding,  is  col- 
lected on  a  'filter,  carefully  edulcorated,  heated  to  redness,  and 
weighed. 

To  the  clear  liquid,  containing  iron  and  alumina,  a  considera- 
ble excess  of  a  solution  of  pure  potassa  is  added ;  so  as  not  only 
to  throw  down  these  oxides,  but  to  dissolve  the  alumina.  The 
peroxide  of  iron  is  then  collected  on  a  filter,  edulcorated  care- 
fully until  the  washings  cease  to  have  ah  alkaline  reaction,  and 
is  well  dried  on  a  sand  bath.  Of  this  hydrated  peroxide,  forty- 
nine  parts  contain  forty  of  the  anhydrous  peroxide  of  iron. 
But  the  most  accurate  mode  of  determining  its  quantity  is  by 
expelling  the  water  by  a  red  heat.  This  operation,  however, 
should  be  done  with  care;  since  any  adhering  particles  of  paper, 
or  other  combustible  matter,  would  bring  the  iron  into  the  state 
of  black  oxide,  a  change  which  is  known  to  have  occurred  by 
the  iron  being  attracted  by  a  magnet. 

To  procure  the  alumina,  the  liquid  in  which  it  is  dissolved  is 
boiled  with  sal-ammoniac,  when  the  muriatic  acid  unites  with 
the  potassa,  the  volatile  alkali  is  dissipated  in  vapour,  and  the 
alumina  subsides.    As  soon  as  the  solution  is  thus  rendered 
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neutral,  the  hydrous  alumina  is  collected  on  a  filter,  dried  by 
exposure  to  a  white  heat,  and  quickly  weighed  after  removal 
from  the  fire. 

iv.  Separation  of  Iron  and  Manganese. — A  compound  of  separation  or 
these  metals  or  their  oxides  may  be  dissolved  in  muriatic  acid,  g,^.^"*"* 
If  the  iron  is  iu  a  large  proportion  compared  with  the  manga- 
nese, the  following  process  may  be  adopted  with  advantage. 
To  the  cold  solution,  considerably  diluted  with  water,  and  acidu- 
lated with  muriatic  acid,  carbonate  of  soda  is  gradually  added, 
and  the  liquid  is  briskly  stirred  with  a  glass  rod  during  the 
effervescence,  in  order  that  it  nay  become  highly  charged  with 
carbonic  acid.  By  neutralizing  the  solution  in  this  manner,  it 
at  length  attains  a  point  at  which  the  peroxide  of  iron  is  entirely 
deposited,  leaving  the  liquid  colourless ;  while  the  manganese, 
by  aid  of  the  free  carbonic  acid,  is  kept  in  solution.  The  iron, 
after  subsiding,,  is  collected  on  a  filter,  and  its  quantity  deter- 
mined in  the  usual  manner.  The  filtered  liquid  is  then  boiled 
with  an  excess  of  the  carbonate  of  soda ;  and  the  precipitated 
carbonate  of  manganese  is  collected,  heated  to  low  redoes  in  an 
open  crucible,  by  whicli  it  is  converted  into  the  brown  oxide, 
and  weighed.  This  metho^is  one  of  some  delicacy ;  but  in 
,  skilful  hands  it  afibrds  a  very  accurate  result.  It  may  also  be 
employed  for  separating  iron  from  magnesia  and  lime  as  well  as 
from  manganese. 

But  if  the  proportion  of  iron  is  small  compared  with  that  of 
manganese,  the  best  mode  of  separating  it  is  by  the  succinate 
of  ammonia  or  soda,  prepared  by  neutralizing  a  solution  of 
succinic  acid  with  either  of  those  alkalies.  That  this  process 
should  succeed,  it  is  necessary  that  the  iron  be  wholly  in  the 
state  of  peroxide,  that  the  solution  be  exactly  neutral,  which 
may  easily  be  insured  by  the  cautious  use  of  ammonia,  and 
that  the  reddish-brown  coloured  succinate  of  iron  be  washed 
with  cold  water.  Of  this  succinate,  well  dried  at  a  temperature 
of  212^  F.,  90  parts  correspond  to  40  of  the  peroxide.  From 
the  filtered  liquid  the  manganese  may  be  precipitated  at  a  boiling 
temperature  by  carbonate  of  soda,  and  its  quantity  determined 
in  the  way  above  mentioned.  The  benzoate  may  be  substituted 
for  the  succinate  of  ammonia  in  the  preceding  process. 

It  may  be  stated  as  a  general  rule,  that  whenever  it  is  intend- 
ed to  precipitate  iron  by  means  of  the  alkalies,  the  succinates, 
OK  beiizoates,  it  is  essential  that  this  metal  be  in  the  maximum 
of  oxidation.  It  is  easily  brought  into  this  state  by  digestion 
with  a  little  nitric  acid. 

V.  Separation  of  Manganese  from  Lime  and  Magnesia.*^  separation^  • 
If  the  quantity  of  the  former.be  proportionally  8mal(7it  is  pre-  ftom^lmo 
cipitated  as  a  sulphuret  by  the  hydrosulphuret  of  ammonia  or  Jj^"****^ 
poiassa.     This  sulphuret  is  then  dissolved  in  muriatic  acid,  and 
the  manganese  thrown  down  as  usual  by  means  of  an  alkali. 
But  if  the  manganese  be  the  chief  ingredient,  the  bnest  method  is 
to  precipitate-it  at  once,  together  with  the  two  earths,  by  a  fixed 
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alkaline  carbonate  at  a  boiling  temperature.  The  precipitate, 
after  being  exposed  to  a  low  red  heat  and  weighed ,  is  put  into 
cold  water  acidulated  with  a  drop  or  two  of  nitric  acid  when  tlie 
lime  and  magnesia  will  be  slowly  dissolved  with  effervescence. 
Should  a. trace  of  the  manganese  be  likewise  taken  up  it  may 
easily  be  thrown  down  by  the  hydrosulphuret  of  ammonia. 
Mode  of  vi.  Mode  Of  analyzing  an  Earthy  Mineral  eoniaining 

Mn^y  ml".  Silica^  ^lumina^  Manganese^  LimCj  and  Magnesia, — The 
IuiS"*ioinS  n*^>^®'2iU  reduced  to  a  fine  powder,  is  ignited  with  three  or  four 
na,  'manga-  timcs  its  Weight  of  the  carbonate  of  potassa  or  soda,  the  mass 
udmafM.  is  taken  up  in  dilute  muriatic  acid,  and  the  silica  separated  ia 
"^'  the  way  already  described.     To  the  solution,  thus  freed  from 

silica  and  duly  acidulated,  carbonate  of  soda  is  gradually  added, 
so  as  to  charge  the  liquid  with  carbonic  acid,  as  in  the  analysis  of 
iron  and  manganese.     In  this  manner  the  iron  and  alumina  are 
alone  precipitated,  substances  which  may  be  separated  from  each 
other  by  means  of  pure  potassa.    The  manganese,  lime,  and  mag- 
nesia, may  bjc  determined  by  the  processes  already  described. 
Anaiyria  of       vii*  •dnofysis  of  Minerals  containing  fixed  Mkalies, — 
t!!i^Ma£?(£i  When  the  object  is  to  determine  the^juantity  of  fixed  alkali, 
alkali.  such  as  poUssa  or  soda,  it  is  necessary  to  abstain  from  the 

employment  of  these  reagents  in  the  analysis  itself;  and  the 
4>eginner  will  do  well  to  devote  his  attention  to  the  alkaline 
ingredients  only.  On  this  supposition,  he  will  proceed  in  the 
following  manner.  The  mineral  is  reduced  to  a  very  fine  pow- 
der, mixed  intimately  With  six  times  its  weight  of  the  artificial 
carbonate  of  baryta,  and  exposed  for  an  hour  to  a  white  heat 
The  ignited  mass  is  dissolved  in  dilute  muriatic  acid,  and  the 
solution  evaporated  to  perfect  dryness.  The  soluble  parts  are 
taken  up  in  hot  water ;  an  excess  of  the  carbonate  of  ammonia 
is  added ;  and  the  insoluble  matters,  consisting  of  silica,  carbo- 
nate of  baryta,  and  all  the  constituents  of  the  mineral,  excepting 
the  fixed  alkali,  are  collected  on  a  filter.  The  clear  solution  is 
evaporated  to  dryness  in  a  porcelain  capsule,  and  the  dry  mass 
is  healed  to  redness  in  a  crucible  of  platinum,  in  order  to  expel 
the  salts  of  ammonia.  The  residue  is  the  chloride  of  potassium 
or  sodium.* 

In  this  analysis,  it  generally  happens  that  traces  of  manganese, 
.  and  sometimes  of  iron,  escape  precipitation  in  the  first  part  of 

*  Sir  ^*  Davy  otuorvM,  that  the  boraeic  acid  is  veiy  utefol  in^nalyxinf  ■tonea  that  conteio  a  fixed 
alkafi  ;  u  tta  attraction  for  the  diifereut  oartha  at  the  heat  of  ipiition  ia  cooaidetable,  and  tho  oom- 
«  founds  it  fuima  with  tliem  are  eaatly  decoinposed  by  tho  mineral  acida  diaaolredin  water.   His  proccca 

is  as  follows:  Let  IMgiains  of  the  atone  to  be  examined  bo  roduced  to  a  fine  powder,  mixed  with 
900  grains  of  boraeic  acid,  and  fused  for  about  half  an  boor  at  a  strong  red  heat  in  a  enaeiUe  of 
r  platinum  or  silver.    Digest  tlie  fused  mass  in  an  oanQo  and  half  of  nitrie  acid,  diluted  with  aoYen  o» 

•ighl  times  tho  quantity  of  water,  till  the  whole  ia  decomposed ;  aitd  then  evaporate  the  aolaiioa  titt 
it  is  reduced  to  an  ounce  and  half,  or  two  ounces.  If  the  stone  contained  silica,  it  will  separate  in 
this  process,  apd  must  be  collected  on  a  filter,  and  edulcorated  with  distilled  water,  to  separate  tba 
aalioe  natter.  The  fluid,  mixed  with  all  the  wat<.>r  that  baa  been  paaaed  through  the  filler  being 
evaporated  till  reduced  to  about  half  a  pint,  ia  to  be  satu/atad  with  carbonate  of  ammonia,  and  boiled 
with  an  excess  of  tliis  salt,  till  ail  titat  wiU  precipitate  has  fallen  down.  The  eartfaa  and  metallie 
oxidoa  being  separated  by  fiUration,  mix  vttrie  acid  with  the  ckar  fluid  till  it  has  a  alniQgly  aoiu  taste, 
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the  process ;  and,  in  that  case,  they  should  be  thrown  down  by 
th^  hydrosulphuret  of  ammonia.  If  neither  lime  nor  magnesia 
is  present,  the  alumina,  iron,  and  manganese,  may  be  separated 
by  pure  ammonia,  and  the  baryta  subsequently  removed  by  the 
carbonate  of  that  alkali.  By  this  method  the  carbonate  of 
baryta  is  recovered  in  a  pure  slate,  and  may  be  reserved  for 
another  analysis.  The  baryta  may  also  be  thrown  down  as  a 
sulphate  by  sulphuric  acid,  in  which  case,  the  s^a  or  potassa 
is  procured  in  combination  with  that  acid. 

The  analysis  is  attended  with  considerable  inconvenience, 
when  magnesia  happebs  to  be  present;  because  this  earth  is  not 
completely  precipitated  either  by  ammonia  or  its  carbonate; 
and,  therefore,  some  of  it  remains  with  the  fixed  alkali.  The 
best  mode  for  effecting  its  separation,  is  the  following.  The 
carbonate  of  ammonia  is  first  added,  and  the  phosphoric  acid  is 
dropped  into  the  liquid,  until  all  the  magnesia  is  thrown  down 
in  the  form  of  the  ammoniaco-mas:nesian  phosphate  The  ex- 
cess of  phosphoric  acid  is  afterwards  removed  by  the  acetate  of 
lead,  and  that  of  lead  by  sulphuretted  hydrogen.  The  acetate 
of  the  alkali  is  then  brbught  to  dryness,  ignited,  and  by  the 
addition  of  sulphate  of  ammonia  is  converted  into  a  sulphate^ 

In  the  preceding  tccount,  several  operations  have  been  al<  FUtradon. 
luded  to,  which,  from  their  importance,  deserve  more  particular 
mention.  The  process  of  filtering,  for  example,  is  one  on  which 
the  success  of  analysis  materially  depends^  Filtration  is  effected 
by  means  of  a  glass  funnel,  into  which  a  filter  (figs.  6  and  17,}  of  n  u. 
nearly  the  same  size  and  form,  made  of  white  bibulous  paper,  is 
inserted.*  For  researches  of  delicacy,  the  filter,  before  being 
used,  is  macerated  for  a  day  or  two  in  water  acidulated  with  nitric 
acid,  in  order  to  dissolve  lime  and  other  substances  contained 
in  common  paper,  and  it  is  afterwards  washed  with  hot  water 
till  eyery  trac^  of  acid  is  removed.  It  is  next  dried  at  91S^, 
or  any  fixed  temperature  insuflScient  to  decompose  it,  and  then 
carefully  weighed,  the  weight  being  marked  upon  it  with  a 
pencil.  As  dry  paper  absorbs  hygrometric  moisture  rapidly 
from  the  atmosphere,  the  filter  while  being  weighed,  should  be 
inclosed  in  a  light  box  made  tor  the  purpose.  When  a  precipi- 
tate is  collected  on  a  filter,  it  is  washed  with  pure  water  until 
every  trace  of  the  original  liquid  is  removed.  It  is  subse- 
quently  dried  and  weighed  as  before,  and  the  weight  of  the 
paper  subtracted  from  the  combined  weight  of  the  filter  and 

Erecipitate.     The  trouble  of  weighing  the  filtek*  may  sometimes 
e  dispensed  with.     Some  substances,  such  as  silica,  alumina, 
and  lime,  which  are  not  decomposed  when  heated  with  com- 

and  than  evaporate  till  the  boracic  acid  rdmatua  free.    Filter  the  fluid,  eraporato  it  to  drynofi,  and 
ezpoee  it  to  a  heat  of  450^  F.  when  the  nitrate  of  ammonia  wilt  be  dccoti.poae<it  and  the  niircle  of 
potaaia  or  soda  will  remain  in  the  veaMl.   The  fMirtfaa  and  metallic  oxidctt  that  remaineii  on  the  filler, 
may  be  dintingaifched  by  the  common  proceea.    The  olomlna  maj  be  ieparatt'd  b>  aulntioa  ui'  polaas^    . 
the  Jime  by  roliihuric  acM  an<1  the  oiu'.\»  of  iron  by  succinate  of  aoimonia,  the  manganese  by  hjdro- 
aolphoret  of  potaisa,  and  the  a:agne«ia  by  pure  aodft.  ^ 
*  Oa  thb  proeesi  see  Faraday's  Ckem.  Man^»  aeet.  iz. 
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bustible  matter,  may  be  put  into  a  crucible  while  yet  contained 
in  the  filter,  the  paper  being  set  on  fire  before  it  is  placed  In 
the  furnace.  In  these  instances,  the  ash  from  the  paper,  the 
average  weight  of  which  is  determined  by  previous  experi- 
ments, must  be  subtracted  from  the  weight  of  the  heated  mass. 
The  tests  commonly  employed  in  ascertaining  the  acidity  or 
alkalinity  of  liquids  are  litmus  and  turmeric  paper.  The  former 
is  made  by  digesting  litmus,  reduced  to  a  fine  powder,  in  a 
small  quantity  of  water,  and  painting  with  it  white  paper  which 
is  free  from  alum.  The  turmeric  paper  is  made  in  a  similar 
manner ;  but  the  most  convenient  test  of  alkalinity  is  litmus 
paper  reddened  by  a  dilute  acid.* 


Dmsion  of 

uiiDoral 

ton. 


Toftoand 
lUagenu. 


Portable 
^boratory. 


Section  II.     Of  the  Jlnalyns  of  Minerel  Waters. — ExamU 
nation  of  Mineral  Waters  by  TestsA 

nsi,  i.  The  term  mineral  water  \%  applied  to  those  natural 
spring  waters  which  contain  so  large  a  proportion  of  foreign 
matter  as  to  render  them  unfit  for  common  domestic  use,  and 

to  confer  upon  them  a  sensible  flavour,  and  specific  action  upon 

I  * — , 

*  From  Tarner^s  Elements,  p.  682,  ice.  For  many  important  practical  tmnarka  on  aoalyna,  ••» 
Fdraday'a  Chrm,  Manip.  aect  vi.  viii.  xi.  &c.  and  Henry**  Ckem.  73,  SBO- 

fThoM  who  have  nut  access  to  a  regular  laboratory  will  find  iteooTenient  to  arranfe  the  following 
teaia  and  re-ageoti  in  the  manner  repreaenbad  in  frfato  yI.  of  thia  work,  the  larger  iihiala  afaould  coo* 
tain  about  6  ouncei  by  meaaure ;  the  aoeiind  aiie,  3  oimcea ;  and  the  amalket,  1  oiwee.  0>  tbeae 
phialti,  the  greater  number  ihoaM  be  aimpiy  stopped,  and  a  few  of  Ibem  provided  with  an  ekMlgated 
stopper  dipping  into  the  fluid  which  they  contain. 

The  larger  phiala  may  contain  the  followfog  ra-agenta ; 
Pure  Mjipburie  acid. 


— ^  nitric  acid. 

— —  muriatic  acid. 

Dilute  ttilphuric  acid,  1  acid  -^  3  water. 

-  nitric  aeid  -  .  -  -  ditto. 
—  —  muriatic  acid  -  •  ditto. 
Solution  of  potoaaa. 

■     ' soda. 

■■  ammonia. 

— — — —  carbonate  of  potana. 
The  amallor  phiala  may  contain 
Tincture  of  galls. 
Solution  af  iodine  in  alcohol. 
-'  nitrate  of  silver. 


N 


Solution  of  oarhonate  of  soda. 

■  ■    ■     —  ■■  carbonate  of  ammonia. 

—  oxalic  ^id. 

■  ■  ■  oxalate  of  ammonia. 
^— — — —  baryta. 

»-~-~<— —  acetate  of  baryta. 
— — —  nitrate  of  baiyta. 

■  -  phosphate  of  soda. 

'■  solpbale  of  silver. 
AloohoL 

Solution  of  soap  in  aleoboL 

Phosphorus. 

Sulphate  of  Kma. 

Test-paperS|  tufinario,  tttana,  violat* 

Blaekflnx. 

Nifrate  of  ammonia. 


—————  ferro-cyaoate  of  potaaaa 

■  muriate  of  lima. 

'         hydrosnlphuret  of  ammonia. 

—.. ■    ■■■  .  hjrdriodate  of  potaasu. 

The  tray  should  contain  a  few  Flonnee  flaaks  (1),  Wedgwood  and  glasa  baaios  (2,  S).  a  platiom 

and  a  silver  crucible  (4, 5),  silver  capsule  (6),  some  funnels  (7),  teat-glasses  (&)•  test-tnbee  (9),  aad 

glass  rods,  filtering  paper  a  spirit  (10),  and  an  Argand*8  lamp  ni)t  •  retort,  (IS),  tad  receiver  (13),  a 

copper  basin  to  serve  m  sand-bath  (14),  a  blow-pipe  (15),  a  thermometer  (16),  a  scale  of  equivaleola 

(17),  ft  droppittg'bottle  (18),  a  few  w^tch-glasses  (19),  a  support  for  holding  glasses  over  a  lamp  (SO), 

a  small  brass  stand  with  rings  (31),  a  tube,  with  a  bulb  in  the  centre  and  a  pointed  eztreasity  for 

drawing  up  small  portions  of  liquids  (23),  platinum  pincers  (84, 25) ;  a  small  hot  good  halaaea,  with 

wcll-edjastcd  weights,  is  also  requisite,  accompanied  by  a  phial  end  eounlerpoise  for  taking  apecifie 

graTtttcs :  and,  lastly,  a  small  mercurial  trough.    There  should  also  be  a  plentiful  supiriy  of  distilled 

water,  a  portion  of  which  should  be  contained  in  a  dropping  bottle. 


••.  i. 


N 
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the  animal  frame.  Their  temperature  is  liable  to  considerable 
variation,  and  is  sometimes  their  principal  character,  as  is  the  ' 
case  with  the  waters  of  Bath  and  Buxton  ;  but  they  are  gen- 
erally so*  far  impregnated  with  acid  or  saline  bodies,  as  to  derive 
from  them  their  peculiarities,  and  in  this  respect  may  con- 
veniently be  arranged  under  the  heads  of  earbonatedy  sulphu* 
reous^  saline  and  chalybeate  waters.  The  mere  taste  of  .the 
water  enables  us  to  determine  to  which  of  these  subdivisions 
it  probably  belongs. 

ii.  In  examining  a  mineral  water,  it  is  of  importance  to  ascer-  Specific 
tain  its  specific  gravity,  which  giV'es  us  some  insight  into  the  ^^''^*^' 
proportion  of  its  saline  ingredients,  its  specific  weight  as  .com- 
pared with  pure  water,  being  of  course  augmented  by  its  for- 
eign contents.  Mr  Kirwati*  has  given  the  following  formula 
for  calculating  the  proportion  of  saline  substances  in  a  water  of 
known  specific  gravity  :  ^'  subtract  the  specific  gravity  of  pure 
water  from  that  of  the  water  examined,  and  multiply  the  re- 
mainder by  1,4.  The  product  is  equal  to  the  saline  contents 
in  a  quantity*  of  the  water  denoted  by  the  number  employed  to 
indicate  the  specific  gravity  of  distilled  water.  Thus  suppose 
the  specific  gravity  of  the  water  s=  1,079,  and  that  of  pure 
water  =  1,000,  then  79  x  1>4  =  110,6  =  saline  contents  in  1000 
of  the  mineral  water.'' 

This  is  a  useful  formula,  but  open  to  certain  objections  ;  and  '*W^j®" 
as  it  is  often  of  considerable  importance  to  acquire  a  just  know-  bodicibow 
ledge  of  the  proportion  of  foreign  bodies  in  water,  it  is  advisable  "**"***^^' 
to  conjoin  the  above  method  with  the  following  : 

iii.  Evaporate  a  given  weight,  say,  1000  parts  to  dryness,  and 
expose  the  residqe  for  24  hours  to  a  temperature  not  exceeding 
300^  upon  a  platinum  capsule;  weigh  it  while  warm,  and  the 
mean  obtained  from  this  and  the  former  experiment,  will  give 
the  proportion  of  dry  saline  ingredients  within  an  error  of  two 
per  cent  Thus  suppose  1000  parts  of  the  above-mentioned 
water  give  by  evaporation  1 14,4  dry  residue,  then  1 10,6  -f  1  ^^A 
s=  225  -i-  2  =s  112,5  =  quantity  of  saline  matter  in  a  dry  state 
(salts  deprived  of  water  of  crystallization)  existing  in  the  mine- 
ral water  under  investigation. 

iv.  Having  by  these  preliminary  operations  ascertained  the 
relative  quantity  of  foreign  matter  in  the  water  under  exami- 
nation, the  nature  of  the  substances  present  is  next  to  be  in- 
quired into. 

1758.  The  substances  which  have  been  found  *in  mineral  SubstuiMt 
waters  are  extremely  numerous,  but  those  which  ordinarily  JJIIX"^"^' 
Occur,  are  the  following ; 

Oxygen.  Carbonate  of  iron. 

Nitrogen.  Muriate  of  magnesia. 

Carbonic  acid.  Sea  fait 

^    Sulphuretted  hydrogen.  Sulphate  of  magnetia. 

Carbonate  of  lime.  Sulphate  of  soda. 

Carbonate  of  magnesia.  Sulphate  of  lime. 

*  E^sa^  •»  Mineral  fVatert^  p.  14S. 
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a.  Oxygen  and  nitrogen  exist  in  the  greater  number  of 
spring  waters  in  the  proportions  constituting  atmospheric  air ; 
the  proportion  of  nitrogen  is^  however,  not  unfrequently  pre- 
dominant   These  gases  give  no  peculiar  flavour  to  the  water. 

A.  Carbonic  acid  renders  mineral  waters  sparkling  and  effer- 
vescent :  it  is  detected  by  occasioning  a  precipitate  in  aqueous 
solution  of  baryta^  which  dissolves  with  effervesoence  in  dilute 
muriatic  acid. 

c.  The  presence  of  sulphuretted  hydrogen  is  known  by  its 
peculiar  disagreeable  smell ;  by  the  production  of  a  black  pre- 
cipitate on  dropping  into  the  water  a  solution^of  nitrate  of 
silver,  and  by  the  deposition  of  sulphur  on  adding  a  few  drops 
of  nitric  acid. 

d.  The  carbonates  are  dissolved  in  the  water  by  excess  of 
carbonic  acid,  and  consequently  fall  upon  its  expulsion  by  boil- 
ing. Carbonate  of  lime  and  magnesia  are  deposited  in  the  form 
of  a  white  precipitate.  Carbonate  of  iron  occasions  the' separa- 
tion of  a  rusty  brown  ferruginous  powder,  and  the  water  is 
blackened  by  a  few  drops  of  tincture  of  galls. 

e.  Mr  R.  Phillips,  in  his  analysis  of  Bath  waters,  has  shown 
that  the  delicacy  of  galls,  as  a  test  for  iron,  is  curiously  affected 
by  the  presence  of  certain  salts:  if  the  iron  be  in  the  state  of 
protoxide,  its  detection  is  facilitated  by  salts  with  a  base  of  lime, 
and  by  alkalies  ;  if  in  the  state  of  peroxide,  lime  prevents  the 
action  of  the  test.  This  is  well  shown  by  dissolving  a  verjf 
minute  proportion  of  proto-sulphate  of  iron  in  a  glass  of  distilled 
water,  and  adding  a  drop  of  tincture  of  galls,  which  occasions  no 
immediate  discoloration ;  but  a  drop  of  lime  water,  or  other 
alkali,  instantly  renders  the  presence  of  iron  evident ;  so  tbat  the 
quantity  of  iron  present  in  a  water  cannot  be  correctly  judged  of 
by  the  degree  of  precipitation  occasioned  in  it  by  tincture  of  galls. 

f.  Ferro-cyanate  of  potassa  is  also  a  good  test  to  show  minute 
quantities  of  iron  in  water,  by  the  blue  precipitate  which  it 
occasions;  its  action  is  aided  by  previously  adding  two  or  three 
strops  of  nitric  acid  to  the  water  \  but  it  is  an  equivocal  test 
compared  with  galls. 

g.  The  presence  of  muriatic  salts  and  of  chlorides,  is  indi- 
cated by  a  white  cloud  on  adding  sulphate  of  silver. 

A.  The  sulphates,  when  present  in  water,  afford  a  white  pre- 
cipitate on  the  addition  of  nitrate  of  baryta^  which  is  insoluble 
in  nitric  acid. 

i.  Lime  is  recognised  by  a  white  cloud  on  dropping  oxalate 
of  ammonia  into  the  water.  A  portion  of  the  precipitate  col- 
lected upon  leaf  platinum,  and  heated  before  the  blow-pipe^  may 
be  burned  into  quick-lime. 

k.  Magnesia  is  rendered  evident  by  adding  carbonate  of  am- 
monia which  throws  down  the  lime,  and  subsequently^ouring 
in  phosphate  of  soda,  which,  when  magnesia  is  present^  carries 
a  portion  of  it  down  in  the  form  of  a  granular  precipitate  of 
ammoniaco-magnesian  phosphate. 
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Such  are  the  readiest  means  of  recognising  the  presence  of 
the  various  substances  that  commonly  .occur,  by  the  action  of 
re-agents  or  tests ;  and,  having  gained  such  general  information, 
we  next  proceed  to  the  analysis  of  the  water,  in  order  to  ascer- 
tain the  relative  proportions  of  the  gaseous  and  saline  ingredi- 
ents which  it  holds  dissolved.  • 


SscTioN  III.    Jlnalysis  of  Mineral  Watere, 

1758.  V.  To  ascertain  the  relative  proportions  of  the  gaseous  ToMMrtaia 
contents  of  water  with  perfect  accuracy,  is  a  very  difficult  mtaSttT*" 
undertaking,  and  rarely  necessary;  the  following  method  is 
sufficiently  precise  in  all  ordinary  cases  of  analysis.  Provide  a 
Florence  flask  capable  of  holding  rather  more  than  a  measured 
wine-pint,  which  quantity  of  the  water  under  examination  is  to 
be  introduced  into  it,  and  a  cork  carefully  fitted  to  its  neck, 
through  a  perforation  in  lyhich  is  inserted  a  glass  tube  one- 
eighth  inch  in  diameter,  rising  perpendicularly  about  18  inches, 
and  then  bent  so  as  to  pass  conveniently  under  the  shelf  of  the 
mercurio-pneumatic  apparatus.  (Where  a  sufficiency  of  mer- 
cury cannot  be  procured,  warm  water  may  be  substituted,  if 
only  carbonic  acid  be  present,  and  it  may  be  absorbed  by  trans* 
ferrinc  the  jar  containing  it  to  a  solution 'of  potassa.)  The  flask 
should  be  placed  over  an  argand  lamp,  and  heat  gradually  appli- 
ed till  the  water  fully  boils.  The  gas  evolved  is  to  be  collected 
in  the  usual  way,  in  a  graduated  jar  over  quicksilver,  and  sub- 
mitted to  the  following  examination  : — 

vi.  Throw  up  a  small  quantity  of  solution  of  potassa,  which,  Cwboaie 
if  carbonic  acid  be  present,  will  absorb  it,  and  the  quantity  will  ^'^ 
be  shown  by  the  diminution  of  bulk. 

vii.  Introduce  the  remaining  air,  or  a  portion  of  it,  into  a  OzTgen. 
small  bent  tube,  containing  a  bit  of*phosphorus ;  heat  it  so  as  to 
kindle  the  phosphorus,  and  note  the  diminution  of  bulk  when 
cold.  It  IS  proportional  to  the  oxygen  present,  and  if  equal  to 
one-fifth  of  the  whole  bulk,  the  gas  may  be  regarded  as  atmos- 
pheric air.* 

viii.  If  sulphuretted  hydrogen  be  present  it  may  be  separated  Bnbborettcd 
by  a  strong  alcoholic  solution  of  iodine,  which  rapidly  absorbs  '  °'^' 
*  it,  and  scarcely  takes  up  more  than  its  own  volume  of  carbonie 
acid  gas.  Chlorine,  added  to  a  mixture  of  sulphuretted  hydro- 
gen and  carbonic  acid,  will  also  produce  the  absorption  of  the 
former  if  a  little  water  be  present ;  but  it  cannot  be  conveniently 
used  over  mercury. 

ix.  During  the  ebullition  it  not  unfrequently  happens  that  a  carbomtM. 
precipitation  ensues,  indicating  that  the  substances  thrown  down  ^^^' 

-  ■ 

*  la  leparatlng  oxygen  a  aoIa^oD  of  nitric  oxide  in  protoculphete  of  iron  may  lometfanei  coa- 
▼wientiy  b«  emptoyedi  bm  it  dooa  not  five  to  accurate  a  roi alt  as  tlie  aetlon  of  pbosphorun. 
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were  dissolred  by  carbonic  acid ;  and  in  that  case  they  should 
be  separated  upon  a  filter  a,  after  which  the  remaining  water 
may  be  evaporated  to  dryness  in  a  glazed  porcelain  basiri;  the 
dry  residue  transferred  to  a  silver  capsule,  and  perfectly  desic- 
cated at  a  temperature  not  exceeding  500^.  b. 
^  The  precipitate  a  may  consist  of  carbonate  of  lime,  of  carbo- 
nate of  magnesia,  or  of  oxide  of  iron  ;  or  it  may  be  a  mixture  of 
the  three ;  dissolve  it  in  dilute  muriatic  acid,  and  add  oxalic 
acid,  which  throws  down  oxalate  of  lime ;  separate  this  by  fil- 
tration, and  saturate  the  filtrated  portion  with  carbonate  of 
ammonia,  which  precipitates  the  peroxide  of  iron,  and  having 
removed  this,  evaporate  the  residuary  mixture,  and  expose  the 
dry  salt  to  a  red  heat  in  a  small  platinum  capsule ;  the  magnesia, 
if  any  were  present,  will  remain ;  if  not  there  will  be  no  residue, 
for  the  oxalic  acid  and  muriate  of  ammonia  will  be  destroyed 
and  volatilized. 

•  100  parts  of  oxalate  of  lime  indicate  77  of  carbonate  of  lime. 
100  parts  of  red  oxide  of  iron  indicate  90  of  .black  oxide,  or 
148  of  carbonate  of  iron.  When  carbonic  acid  holds  iron  in 
solution,  the  metal  is  in  the  state  of  protoxide,  and  if  air  be 
excluded,  it  requires  long  boiling  to  decompose  it ;  for  the 
same  reason,  if  the  water  be  exposed,  under  the  exhausted 
receiver  of  the  air-pump,  it  does  not  readily  become  brown,  as 
is  the  case  when  it  is  exposed  to  air ;  a  drop  or  two  of  nitric 
acid  facilitates  the  dep6sition  of  the  red  oxide. 
Mftgneflia.  100  parts  of  purc  magnesia  are  equivalent  to  213  of  carbonate 

of  magnesia. 

X.  The  dry  residue  b,  is  to  be  digested  in  six  or  eight  parts 
of  boiling  alcohol>  specific  gravity  0,8 17,  which  will  take  up 
xpuriate  of  magnesia,  and  in  some  rare  cases  (where  no  sulphates 
are  present)  muriate  of  lime.     Filter  off  the  alcoholic  solution, 
and  wash  the  residue  c,  with  a  little  fresh  alcohol,  which  add 
'  to  the  former,  and  evaporate  to  dryness  d.     The  dry  mass  d, 
exposed  for  some  time  to  a  heat  of  500^,  is  generally  pure  muri- 
ate of  magnesia,  if  it  contain  muriate  of  lime,  the  latter  earth  may 
be  separated  by  solution  of  oxalic  acid,  in  the  state  of  oxalate  of 
lime. 
Convoraionof      It  is  Convenient  in  some  cases,  to  convert  the  muriates  of 
into  ra"-^*^^  liine  and  magnesia  into  sulphates,  by  pouring  upon  them  excess 
phatea.         ^f  sulphuric  acid,  evaporating  to  dryness,  and  heating  the  dry 
mass  red  hot.     The  sulphate  of  magnesia  may  then  be  almost 
completely  separated  from  the  sulphate  of  lime,  by  a  small 
quantity  of  cold  water ;  or  a  saturated  solution  of  sulphate  of 
lime  may  be  used,  which  takes  up  the  sulphate  of  magnesia, 
and,  of  course,  leaves  the  sulphate  of  lime. 

The  alcohol  will  also  take  up  a  very  minute  portion  of  sea- 
salt,  which,  however,  is  too  small  to  require  estimation. 

xi.  The  residue  c,  insoluble  in  alcohol,  may  contain  sea-salt, 
sulphate  of  soda,  sulphate  of  magnesia,  and  sulphate  of  lime  ; 
digest  it  in  ten  parts  of  boiling  distilled  water,  which,  when 
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cold,  will  have  taken  up  eyery  thing  but  sulphate  of  lime,  of 
which  an  inappreciable  portion  only  will  have  been  dissolved ; 
separate  the  solution  into  two  ecfual  portions,  a  and  b. 

To  a  add  nitrate  of  silver,  and  wash  and  dry  the  precipitate;  Sea-foit. 
which  is  chloride  of  silver^  and  of  Which  100  parts  indicate  41 
of  sea-salt. 

To  b  add  acetate  of  baryta  as  long  as  it  occasions  a  precipi-* 
tate,  which  is  sulphate  of  baryta,  and  which  is  (o  be  separated, 
dried  and  weighed.  100  grains  are  equivalent  to  60,5  of  sul- 
phate of  soda,  and  to  51  of  sulphate  of  magnesia. 

In  order  to  ascertain  the  quantity  of  magnesia  present,  and 
consequently  the  quantity  of  sulphuric  acid  belonging  to  it^ 
evaporate  the  liquid  filtered  off  the  bary  tic  precipitate  e  to  dry- 
ness j  it  will  contain  sea-salt,  acetate  of  soda,  acetate  of  mag- 
nesia, and,  probably,  a  portion  of  the  added  acetate  of  baryta  ; 
ignite  the  dry  mass,  and  wash  it  to  separate  the  sea-salt  and 
soda ;  magnesia,  and  carbonate  of  baryta  will  remain  insoluble, 
upon  which  pour  dilute  sulphuric  acid ;  digest,  filter,  and  evapo- 
rate the  clear  liquor  to  dryness  :  it  is  sulphate  of  magnesia,  ^"''*^^^®' 
equivalent  of  course* to  the  original  portion  of  the  salt;  deduct 
the  sulphuric  acid  contained  in  it  from  the  whole  in  the  pre- 
cipitate £,  and  the  remainder  will  give  the  quantity  united  to 
the  soda. , 

xii.  To  estimate  the  quantity  of  sulphate  of  lime  in  the  water,  —  of  lime. 
the  residue  of  the  evaporation  of  one  pint  may  be  washed  with 
cold  saturated  solution  of  sulphate  of  lime,  which  will  dissolve 
every  thing  but  that  sulphate,  and  which  may  thus  be  obtained 
and  weighed  ;  or,  add  oxalate  of  ammonia  to  a  given  quantity 
of  the  boiled  and  filtered  water,  collect  the  precipitate,  and  dry 
it  at  a  heat  of  500^.  100  grains  of  this  oxalate  indicate  104  of 
dry  sulphate  of  lime. 

xiii.  Such  are  the  general  components  of  mineral  waters,  and  Mode  of 
the  means  of  ascertaining  their  relative  quantities.     Let  us  sup-  the  amSysfi. 
pose  the  following  results  have  been  obtained,  with  a  view  to     . 
illustrate  the  mode  of  drawing  up  the  analysis.     By  the  process 
V,  twelve  cubical  inches  of  gas  have  been  expelled  during  the 
ebullition  of  a  pint  of  water.      The  exposure   to  solution  of 
potassa  has  occasioned  a  diminution  of  eleven  cubical  inches, 
which,  it  having  been  previously  ascertained  that  no  sulphuret- 
ted hydrogen  was  present,  may  be  considered  as  carbonic  acid. 
The  remaining  gas  thrown  up  into  a  tube  containing  a  portion 
of  phosphorus,  and  heated,  suffers  scarcely  any  diminution,  and 
th^  phosphorus  does  not  burn  :   hence  it  may  be  regarded  as 
nitrogen.     The  gasedus  contents,  therefore,  of  the  water  under 
examination  are  in  the  wine-pint — 

Carbonic  acid      .-..«•    It  cubic  inchet. 
Nilrogea 1  ditto.* 

■  ■     ■■  ■  . —  ;   •    ■  <  -  ■    ■  ■  ,        ■  ■  ■■.■.■ 

*  Of  this  aitrogea,a  amall  portion  will  probably  have  been  derived  from  the  air  in  tlio  tube  coni<ect-> 
iog  tbo  flask  with  the  pneumatic  apparatus ;  a  little  practice  soon  enables  tho  operator  to  auoertoin 
whon  it  has  been  axpojled :  or  it  may  be  roceivod  eiArc,  and  afterwords  deducted  from  the  whole 
prodoca. 
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If  sulphuretted  hydrogen  be  pretent,  it  is  best  to  have  recourse 
to  a  separate  operation  to  estimate  its  quantity;  for  this  purpose 
collect  the  gas  as  before,  and  tlirow  up  into  it  a  small  quantity 
of  alcoholic  solution  of  iodine.  The  absorption  denotes  the 
quantity  of  the  gas.  (viii.) 

xiv.  The  next  step  of  the  operation  relates  to  the  examina- 
tion of  the  precipitate  deposited  during  ebullition,  (ix.  a.)  Let 
us  suppose  the  weight  of  oxalate  of  lime  to  be  3  grains,  of  oxide 
of  iron  1^5  grain,  and  of  magnesia  1  grain  \  then  the  above  data 
give 

Gruna* 

Carbonate  of  lime S,S 

Carbonate  of  iron 2,4 

Carbonate  of  magnetia 8,1 

XY.  The  alcoholic  solution  (x.)  may  be  diluted  with  water 
and  tested  by  oxalic  acid  for  lime  ;  if  absent,  evaporate  to  dry- 
ness as  directed.     Let  us  suppose  the  residue  to  be 

Muriate  of  ma|;neiia 6  grains. 

If  the  quantity  of  muriate  of  magnesia  be  considerable,  greater 
accuracy  is  ensured  by  converting  it  into  sulphate,  which  is 
done  by  placing  it  in  a  capsule  of  platinum,  pouring  upon  it  sul- 
phuric acid,  evaporating  to  dryness,  and  heating  the  dry  mass 
to  dull  redness.  100  grains  of  this  dry  sulphate  of  magnesia 
indicate  94  of  muriate  of  magnesia ;  hence  the  water  under 
examination  would  have  given  5,35  grains  =  5  grains  of  muriate. 

If  the  alcoholic  solution  contain  muriate  of  lime,  that  earth 
must  be  previously  separated  by  oxalic  acid  ;  and  100  parts  of 
oxalate  of  lime  are  equivalent  to  85  of  dry  muriate  of  lime. 

xvi.  The  aqueous  solution  of  the  residue  (c.  xi.)  being 
divided  into  two  portions,  let  us  suppose  the  portion  a  xi.  to 
afford  8,5  of  chloride  of  silver,  which  indicates  of  sea-salt  3,5 
grains  ==  7  grains  in  the  pint. 

xvii.  Let  us  assume,  that  the  precipitate  of  sulphate  of  baryta 
b  xi.  weighs  15  grains,  indicating  of 

Salphario  acid    ••..••..    5,1  graiop. 

The  process  directed  in  xi.  furnishes  of 

Sulphate  of  magnesia 3,75  grains, 

which  contain  2,5  grains  of  sulphuric  acid,  and  which  deducted 
from  5,1  grains  leave  2,6  grains,  which  are  adequate  to  the 
formation  of 

Sulphate  of  soda 4,65  grains. 

So  that  the  pint  (the  water  having  been  divided  into  two  equal 
portions)  would  contain  of 

Sulphate  of  magnesia  3,75  X  2  =  7,5  grains. 
Sulphate  of  soda         4,66  X  2  =  9,3  grains. 

xviii.  The  addition  of  oxalate  of  ammonia,  or  oxalic  acid,  to 
a  pint  of  the  boiled  water  (xii.)  furnishes  a  precipitate  of  4,7 
grains  of  oxalate  of  lime,  indicating  of 

Sulphate  of  lime    .    •§ 5  grains. 
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xix.  To  give  a  geDend  view,  therefore,  of  the  components  of 
the  mineral  water  which  has  thus  been  examined,  we  should 
place  them  as  follows  :-^ 

One  wine  pbt  OontMnt  General  view 

Cubic  tneUs.  of  the  coo- 

Carbonic  acid      •••• 11  -  tenta. 

Nitrogen 1 

Gaaeoua  contenU      •••.•••    12 

Graini* 

Carbonate  of  lime 2,20 

Carbonate  of  iron •  2,40 

Carbonate  of  qiai^eaia  • 2^  10 

Mariate  of  magnesia 5,00 

Sea-Bait 7,00 

Sulpbate  of  magnesia      ......  7,60 

Snlpbate  of  soda 9,90  • 

Sulphate  of  lime    . 5,  ^  ' 

Aggregate  weight  o^  solid  contents       40,60 

XX.  Besides  the  substances  now  enumerated,  and  which  may  Jc.^n3y 
be  considered  as  the  most  frequently  occurring  ingredients  in  prenot. 
mineral  waters,  there  are  others  occasionally  present  of  which 
the  following  is  an  enumeration,  with  the  best  methods  of  de- 
tecting them  : 

a.  Carbonate  of  soda  is  known  to  exist  in  water,  when,  after  SdaT"*^  *' 
having  been  boiled  down  to  half  its  bulk,  and,  if  necessary, 
filtered,  it  reddens  turmeric  paper,  and  restores  the  blue  of  lit- 
mus reddened  by  vinegar ;  it  also  affords  an  effervescent  pre- 
cipitate with   nitrate  of  baryta,  soluble  in  dilute  nitric  acid. 

This  carbonate  is  incompatible  with  the  soluble  salts  of  lime. 

Muriate  of  lime  may  also  be  used  to  detect  the  alkaline  car-  {J^^^^^^ 
bonates,  with  which  it  affords  a  precipitate  of  carbonate  of  lime. 
Carbonate  of  soda  is  distinguished  from  that  of  potassa,  by  the 
latter  affording  a  precipitate  in  neutral  muriate  of  platinum, 
which  the  former  does  not.  Carbonate  of  ammonia  is  obviously 
discoverable  by  its  smell,  when  acied  on  by  caustic  fixed  alkali 
or  lime. 

b.  Silica  is  detected  by  evaporating  the  water  to  dryness,  and  ^*'^' 
boiling  the  residue  in  dilute  muriatic  acid.     The  siuca,  if  pre- 
sent, remains  as  a  white  powder  not  altered  by  a  red  heat,  but 
instantly  fusing  with  a  particle  of  carbonate  of  soda. 

e,  Boracic  acid  and  borax  have  been  found  in  certain  lakes 
in  India,  and  in  some  parts  of  Italy.  To  detect  boracic  acid,  S"™***^'*' 
evaporate  to  one-eighth  the  original  weight  of  water,  and  add 
carbonate  of  soda  as  long  as  it  occasions  any  precipitate;  boil 
and  filter.  The  filtered  liquor  will  contain  borate  of  soda,  with 
some  other  salts  of  the  same  basis ;  evaporate  to  dryness  in  a 
platinum  crucible,  and  digest  the  residue  in  three  or  four  parts 
of  sulphuric  acid,  diluted  with  its  bulk  of  water.  If  boracic 
acid  be  present,  it  will  separate  in  micaceous  crystals. 

d.  Alumina  has  been  found  in  a  few  mineral  waters  in  the  Alumina. 
state  of  a  sulphate.     It  may  be  a^arated  by  the  following  pro- 
cess :  Evaporate  to  dryness,  di^t  in  alcohol,  and  re-dissolve 
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the  residue  in  ei^ht  parts  of  water  ;  filter  and  add  oxalic  acid, 
which  throws  down  lime,  and  which,  being  separated,  leaves 
magnesia  a/id  alumina  in  solution.^  Carbonate  of  ammonia 
throws  down  the  alumina  and  leaves  the  magnesia. 

Pure  ammonia  throws  down  both  alumina  and  magnesia. 
These  earths  may  be  separated  by  solution  of  potassa,  which 
dissolves  the  former  but  not  the  latter. 
MangaDMo.  e.  Manganese  is  sometimes  found  i%  water,  but  only  in  very ' 
small  proportion,  so  as  not  to  amount  to  more  than  a.  trace* 
Dr  Scudamore  found  a  trace  of  manganese  in  the  waters  of 
Tunbridge  Wells,  and  it  has  never  been  discovered  in  larger 
proportion. 

f»  It  has  been  said  that  certain  nitrates  are  occasionally  pre- 
sent in  water,  but  such  solutions  can  scarcely  be  called  mineral 
waters.  If  nitrate  of  lime  be  present,  it  will  be  taken  up  from 
the  residue  of  evaporation  by  alcohol,  and  may  be  decomposed 
by  carbonate  of  potassa,  so  as  to  afford  carbonate  of  lime  and 
crystals  of  nitre. 

-  g.  It  sometimes  bappeps  that  water  contains  lead,  which  may 
be  detected  by  evaporation  to  one-eighth  its  bulk,  adding  a  few 
drops  of  nitric  acid,  and  then  hydriodate  of  potassa,  which  gives 
a  yellow  insoluble  precipitate ;  and  hydrosulphuret  of  ammonia, 
which  forms  a  deep  brown  or  black  cloud.  These  precipitates 
may  be  reduced  by  heating  them  before  the  blow-pipe  upon 
charcoal,  mixed  with  a  little  black  flux. 

A.  If  vegetable  or  animal  matter  be  contained  in  water,  it 
gives  it  a  brown  colour,  especially  when  evaporated.  It  may  be 
destroyed  in  the  dry  residue  by  igniting  it  with  a  small  addition 
of  nitrate  of  ammonia.* 


Lead. 


Vogotable 
and  animal, 
matter. 


Di  Murray*! 
method. 


*  Dr  Murray,  of  £di;iburgh,  n^marka  that  all  mineral  waters  are  eitiier  saline,  or  may  be  reduced 
under  that  division,  by  expelling  any  excess  of  carbonic  acid  by  heat,  expelling  or  decomposing  sul- 
phuretted hydrogen  in  like  roannfsr,  or  removing  iron  by  appropriate  methods.  He  then  gives  a 
general  formula  for  the  analysis  of  mineral  waters  as  follows : 

1.  Reduce  tiie  water  by  evaporation,  as  far  as  can  be  done  witliont  occasioning  any  sensible 
precipitation  or  crystallization. 

3.  Add  to  tJie  ^tcr,  thus  concentrated,  a  saturated  solation  of  muriate  of  baryta  as  long  as  any 
precipitation  is  produced,  taking  care  to  avoid  adding  an  exceM.  By  a  previous  experiment,  let  it  Ua 
ascertained  whether  this  preeipftata  effervesces  or  not  with  diluted  muriatic  acid,  and  whether  it  i^ 
entirely  dissolved  :  if  it  u,  the  precipitate  is  of  course  carbonate  of  baryta,  the  weight  of  which,  whoa 
it  is  dfied,  gives  the  quantity  of  carbonic  acid ;  100  grains  containing  23  of  acid.  If  it  do  not  cffcr* 
vesce,  it  is  sulphate  of  baryta,  the  vreight  of  which,  in  like  manner,  gives  the  quantity  of  sulphuric 
acid;  100  grains,  dried  at  a  low  red  heat,  containing  34  of  acid.  If  itefierveace,  and  is  paitially 
dissolved,  it  consists  of  both  carbonate  and  sulphate.  To  ascertain  the  proportion  of  these,  let  the 
precipitate  be  dried  at  a  heat  a  little  inferior  to  redness,  and  weighed  ;  then  submit  it  to  the  action  of 
dihite  mariattc  acid  ;  aftot  tiiis,  wash  it  with  water,  and  dry  it  by  a  similar  beat,  ita  weight  will  give 
the  quantity  of  salphate,  and  the  loss  af  weight  that  of  the  carbonate  of  baryta.— >By  this  oponitioK 
the  carbonic  and  sulphuric  acids  are  oiAirely  removed,  and  the  whole  salts  in  the  water  are  convcitod 
into  muriutes  ;  it  remains,  therefore,  first  to  discover  and  estimate  the  quantities  of  the  basee  piescnt, 
and  then,  lo  complete  the  analysis,  to  find  the  quantity  of  muriatic  acid  originally  contained. 

3.  Add  to  tbo  clear  liquid  a  saturated  solution  of  oxalate  of  ammonia  as  long  as  any  tusbid  appear- 
ance is  produced.  The  lime  will  be  thrown  down  in  the  state  of  oxalate.  The  precipttate  being 
washed,  may  be  dried ;  but  as  it  cannot  bo  exposed  to  a  red  heat  without  decompodtioD,  it  can 
scarcely  bo  brought  to  any  uniform  state  of  dryness  with  sufficient  accuracy  to  admit  of  the  quantity 
of  llmo  being  estimated  from  its  weight ;  it  is,  iBbfore,  to  be  calcined  with  a  low  red' beat,  by  which 
it  is  to  be  converted  into  carbonato  of  time,  100  grains  of  whicii  are  equivalent  to  S6  of  line*    But  w  a. 
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CHAPTER  VI. 

Section  I.     Vegetable  Substances. 

1759.   Vegetable   substances,  though  distinguished   from 
each  other  by  peculiar  characters,  present  several  circumstances 
of  agreement  as  to  chemical  properties.     Oxygen,  hydrogen,  v^t»tA^ 
and  carbon  are  their  principal  ingredients,  to  which  a  cflttain  "*«'*^*"^ 
proportion  of  nitrogen  is  sometimes  added  ^  and  variations  in 
the  proportions,  and  mode  of  combination,  of  these  elements^ 
occasion  the  great  diversity,  which  subsists  among  the  pro- 
ducts of  the  vegetable  kingdom.     They  are  all  susceptible  of 
decomposition  by  heat  alone ;  but  we  cannot  always  as  in  bodies 
of  the  mineral  kingdom,  proceed  from  a  knowledge  of  their 
components  to  the  actual  formation  of  the  substances  themselves. 
It  is  not  probable,  indqpd,  that  we  shall  ever  attain  the  power 
of  imitating  nature  in  these  operations.     For  in  the  functions  of 
a  living  plant,  a  directing  principle  appears  to  be  concerned^ 

portion  of  carbonic  acid  may  be  expelled  if  the  beat  u  raited  too  bigh«  or  a  litUe  water  retained  if  it 
ia  not  higb  enooghi  it  is  proper  lu  convert  it  into  sulphate,  by  adding  •uJpburic  add  to  a  iligbt  eAceee, 
and  then  ezpoee  it  to  a  full  red  heat.  Tbe  dry  ndphace  of  lime  will  remaioi  100  grains  of  which  con- 
tain 41^  of  lime. 

4.  To  the  dear  liquid  poured  off*  after  the  precipitation  of  the  oxalate  of  lime,  heated  to  100^,  and, 
if  oeceaaary,  reduced  by  evaporation,  add  aaolution  of  carbonate  ofammouia ;  and  tmmedialely  drop 
in  a  atroog  solution  of  phosphoric  acid  or  phosphate  of  ammonia,  entirely  free  from  any  impregnation 
of  lime,  contiuuiog  this  addition  with  fresh  portions,  if  necossary^  of  carbonate  of  ammonia,  so  as  to 
preaerve  an  excess  of  ammonia  in  the  liquid  as  long  as  any  fwecipitation  is  prodoccd.  Let  the  pre- 
eipttate  be  washed :  when  dried  by  a  beat  not  czceodiog  lOO^i  it  is  the  phosphate  of  ammoma  and 
magneaia,  eonlaimng  0,019  of  thia  earth ;  but  it  is  belter  to  convert  it  into  phosphate  of  magnena  bj 
calcination  for  an  boor  at  a  rod  heat :  100  grains,  then,  contain  40  of  magnesia* 

5  Evaporate  the  liquid  remaining  after  the  preceding  operations  to  dryness,  and  expose  the  dry 
mass  to  heat  as  long  as  any  vapours  exhale,  raising  it  towards  the  end  to  reidness.  The  residoal 
matter  is  murtato  of  soda,  100  grains  of  wliich  are  equivalent  to  53,3  of  soda  ond  46,7  of  muriatic  aoid. 
6.  Combine  the  elements  obtained  by  the  analysis  (taking  the  quantity  of  muriatic  acid  existing  in 
tbe  muriate  of  soda),  in  binary  combinations,  according  to  tbe  known  proportions  in  which  they  unite : 
the  excess  or  deficiency  of  muriatic  acid  will  then  appear ;  and  the  amount  of  the  excess  being  sob- 
traded  flrom  the  quantity  of  muriatic  acid  contained  in  the  muriate  of  soda  obtained,-- or  the  amdutt 
of  tho  deficit  being  added  to  that  quantity,  the  real  quantity  of  nmriatic  acid  will  be  obtained.  To 
ensure  perfect  accuracy,  it  may  be  proper  to  estimate  directly  tbe  quantity  of  muriatic  acid  in  a  given 
portion  of  water,  by  abstractihg  any  sulphuric  or  carbonic  acid  by  nitrate  of  baryta,  and  then  precipS- 
tating  the  muriatic  acid  by  nitrate  of  silver  or  nitrate  of  lead.  When  the  quantity  is  thus  found,  the 
qoaatitiei  of  the  other  iqgredienta  muat  bear  that  proportion  to  it  which  will  correapond  with  the  atttn 
of  neutralisation. 

The  reaulta  of  the  analyaia  may  alwaya  be  stated  in  these  three  modes :— 1.  The  quantities  of  the 
acids  and  bases.  9.  The  quantities  of  tho  binary  compounds,  as  inferred  ftom  tho  principle  that  the 
moat  aolttble  compounds  are  the  ingredients,  3.  The  quantities  of  the  binary  coffl|onnds,  snob  as 
they  are  obtained  by  evaporation  or  any  other  direct  analytic  operation— ^e  7V«m«.  JBap.  Stu^f 
«/£Jin^Mr^A,  viii  350;  andThom8on*8j9«inaJ«,  x.  93,  lOP.    vii.43.    vi.SS6,347. 

The  following  analysis  of  mineral  waters  may  be  advantageously  consulted  by  the  student,  aa 
eoataiaing  a  variety  of  useful  details  which  are  neceesarily  omitted  in  the  above  obaervationa  r— 
4«c4^  </  <*«  ^•^  S^lmg9  at  fiaO,  by  Richard  PhiUipa,  Eaq.  ^tuUftis  •/  the  BrigkUn  Ckalf" 
he€U,  by  Dr  Maroet.  AuMlyM  t^f  the  Tmnbridgt  mUg  WaUrt^  by  Dr  Scudamore  Mr  Children's 
TrantlaUona  a/  Thenard*a  Eitay  en  Cftssiicc/  AiC^ia^  chap.  vi.  and  Faraday*a  Chewdul  JVat^p- 
vlaUen%  aect.  zi.  he 

59  ^ 


466 


Vegelable  Substances. 


CHAF.  vu 


J^rozimate 

princ;ili»  of 
TVfetables. 


Proximate 
anal;*!** 


Ultimate 
analjais. 


GaY-Luane 
and  Thra- 
ard*a  metliod. 


peculiar  to  animated  bodies,  and  superior  to,  and  diflcting  from^ 
the  cause  which  has  been  termed  chemical  affinity.     H. 

1760.  Every  distinct  compound  which  exists  ready  formed  ia 
plants,  is  called  ^proximate  or  immediate  principle  of  vegeta- 
bles. Thus  sugar,  starch,  and  gum,  are  proximate  principles. 
Opium,  though  obtained  from  a  plant,  is  not  a  proximate  princi- 
ple; but  it  consists  of  several  proximate  principles  mixed  more 
or  less  intimately  with  one  another. 

1761.  The  proximate  principles  of  vegetables  are  sometimes 
distributed  over  the  whole  plant,  while  at  others  they  are  con- 
finea  to  a  particular  part  of  it.  The  mt'»thods  by  which  they 
are  procured  are  very  variable.  Thus,  gum  exudes  sponta- 
neously, and  the  8acchat*ine  juice  of  the  maple  tree  is  obtained 
by  incisions  made  in  the  bark.  In  some  cases  a  particular 
principle  is  mixed  with  such. a  variety  of  others,  that  a  distinct 
process  is  required  for  its  separation.  Of  such  processes  con- 
sists \\\^  proximate  analysis  of  vegetables.  Sometimes  a  sub- 
stance is  separated  by  mechanical  means,  as  in  the  preparation 
of  starch.  On  other  occasions,  advanihge  is  taken  of  the  vola- 
tility of  a  compound,  or  of  its  solubility  in  some  particular 
menstruum.  Whatever  method  is  employed,  it  should  be  of 
such  a  nature  as  to  occasion  ho  change  in  the  composition  of  the 
body  to  be  prepared. 

1762.  The  reduction  of  the  proximate  principles  into  their 
simplest  parts,  constitutes  their  ultimate  analysis*  By  this 
means  chemists  ascertain  the  quantity  of  oxygen,  carbon,  and 
hydrogen,  present  in  any  compound.  The  former  method  of 
perfornting  this  operation  was  by  what  is  termed  destructive 
distillation  ;  that  is,  by  exposing  the  compounds  to  a  red  heat 
in  close  vessels,  and  collecting  all  the  products.  So.  many 
different  substances,  however,  are  procured  in  this  way,  such  as 
water,  carbonic  acid,  carbonic  oxide,  carburetted  hydrogen,  and 
the  like,  that  it  is  almost  impossible  to  arrive  at  a  satisfactory 
conclusion.  A  more  simple  and  effectual  method  was  pr4)posed 
by  Gay-Lussac  and  Thenard  in  the  second  volume  of  their  cele- 
brated Recherches  Physico-Chimiques,  The  object  of  their 
process,  which  is  applicable  to  the  ultimate  analysis  of  animal, 
as  well  as  of  vegetable  substances^  is  to  convert  the  whole  of 
the  carbon  into  carbonic  acid,  and  the  hydrogen  into  water,  by 
means  of  some  compound  which  contains  oxygen  in  so  loose  a 
atate  of  combination,  as  to  give  it  up  to  those  elements  at  a  red 
heat. 

1763.  The  agent  first  employed  by  these  chemists  was  the 
chlorate  pf  potassa.  This  substance,  however,  is  liable  to  the 
objection  that  it  not  only  gives  oxygen  to  the  substance  to  be 
analyzed,  but  is  itself  decomposed  by  heat.  On  this  account  it 
is  now  very  rarely  employed  in  ultimate  analysis,  the  peroxide 
of  copper,  likewise  proposed  by  Gay-Lussa9  and  Thenard, 
having  been  substituted  for  §L  This  oxide,  if  alone,  may  be 
heated  to  whiteness  without  parting  with  oxygen;  whereas  it 
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yields  oxygen  readily 'to  any  combustible  substance  with  which 
it  is  ignited.  It  is  easy,  therefore,  by  weighing  it  before  and 
aAer  the  analysis,  to  discover  the  precise  quantity  of  oxygen 
which  has  entered  into  union  with  the  carbon  and  hydrogen 
contained  in  the  substance  submitted  to  examination. 

1764.  The  ultimate  analysis  of  organic  bodies  is  one  of  the 
most  delicate  operations  with  which  the  analytical  chemist  can 

'  be  engaged.      The  chief  cause  of  uncertainty  in  the  process  oaam  of 
.  arises  from  the  presence  of  moisture,  which  is  retained  by  some  un<»ruiuty. 
animal  and  vegetable  substances  with  such  force  that  it  can  be  ^ 
expelled  only  by  a  temperature  which  endangers  the  decom« 
position  of. the  compound  itself.     The" best  mode  of.  drying 
organic  matters  for  tlie  purpose,  is  by  confining  them  with 
sulphuric  acid  under  the  exhausted  receiver  of  an  air-pump,  and 
exposing  them  at  the  same  time  to  a  temperature  of  212^  F. — 
a  method  adopted  by  Berzelius,  and  for  which  a  neat  apparatus 
has  been  described  by  Dr  Prout.*     Another  source  of  difficulty 
is  occasioned  by  atmospheric  air  within  the  apparatus,  owing 
to  tbe  presence  of  which  nitrogen  may  be  detected  in  the  pro- 
ducts, without  having  been  contained  in  the  substance  analyzed.  ^ 

1765.  But  though  the  ultimate  analysis  of  organic  substances  Theory ofth* 
is  difficult  in  practice,  in  theory  it  is  exceedingly  simple.    It  con-  ^^^'^ 
sists  in  mixing  three  or  four  grains  of  the  body  to  he  analyzed 

with  about  200  grains  of  the  peroxide  of  copper,  heating  the 
mixture  to  redness  in  a  glass  tube,  and  collecting  the  gaseous 
products  in  a  graduated  glass  jar  over  mercury.t     From  the 

I     I    111  ■  ■  ■  I  ■  I  .^  ■■■■■■■  ^  III  ii»  11   ■  II  —        II 

*  jlim.  of  PMo9.  vol.  vi.  p.  9r:«.  , 

t  For  tba  purpow  of  applyiag  boat  to  the  tabe,  and  obtaiDiog  the  g«Moui  prodacte  with  only  a 
amall  quaotity  of  mercury,  an  uteful  apparatui  haa  been  contrivod  by  Dr  Prout.    lig.  124.  pi.  7. 

Two  aquare  apnght  piilan  are  morticed  ioto  a  iquare  tray  (a  a  at  tlie  bottom  of  the  figura)  (loot  .    ^ 

3-4ths  of  an  inch  deep,  and  are  ffxed  at  the  top  by  brass  screws  into  a  flat  shelf  ot  wood,  3  inches  broad  .„nMtaa. 
at  each  end,  and  5  in  the  middle,  in  which  ia  an  oval  slit  or  hole  4  1-S  inohes  long  and  11-4  wide, 
distant  1  3-4  inches  from  the  right  hand  extremity  of  the  shelf.  Below  thia  ia  another  shelf,  b  t,  which 
is  moveable  by  a  rack  and  pinion  wurkad  by  a  small  handle,  us  shown  at/.  Into  a  shalluw  cavity  in 
this  shelf  is  fixed  a  cistern  of  copper  covered  with  hard  varnish  (cast  iron  would  bo  hotter;  and  having 
a  deep  cylindrical  cavity  or  well  at  tf.  This,  10  oeonomifeo  mcicury,  may  occasionally  be  filled  with  a 
plug  of  wood  or  east  iron.  Tha  etolem  may  be  of  any  convenient  otmenaiona,  as  5  1-S  long  by  1 1-3 
wide,  and  In  its  bottom,  on  opening  la  required  about  5-8tha  of  an  mch  diameter  for  admitting  the  glasa 
tube  ^^,  which  is  secured  in  its  place  by  a  perforated  cork,  apd  is  passed  also  through  the  axis  of  a 
brasa  spirit  lamp,  which,  as  well  as  the  wick,  has  a  circular  bole  for  the  purtma**.  The  lamp  is  placeil 
oa  a  snail  shelf,  perforated  also,  and  moveable  by  the  rack  and  pinion.  A  small  mirror  of  tin,  with 
the  eonoave  side  downwards,  b  screwed  to  the  bottom  of  the  cistern,  to  guard  the  cork  from  being 
burned  by  the  heat  of  the  lamp.  At  A  is  a  turning  button  with  a  semicircular  notch  for  securing  in  an 
upright  position  the  jar  A,  which  shonld  be  capable  of  containing  7  or  8  cubical  inches. 

The  tube  £  g  being  fixed  in  iu  place,  and  the  jar  A  filled  with  and  inverted  in  mcrcnryi  the  spirit 
lamp  is  set  as  high  as  its  carriage  wilt  permit,  and  lighted.*  Tbv  part  of  the  tube,  which  is  surrounded 
%hy  the  horning  wick  soon  becomes  red  hut.  and  gas  is  evolved.  When  it  ceases  to  iuue,  the  lamp 
may  be  gradually  lowered,  so  a%to  heat  succcssivuly  the  whole  of  the  tube,  and  Uieu  moved  upwards 
to  the  top.  When  this  has  been  skitfatly  performed,  tlie  whole  of  the  substnnce  under  analysis  will 
be  found  to  have  been  decomposed ;  but  to  insure  aceurary.  its  contents  may  be  taken  out,  triturated 
in  a  mortar,  and  subjected  to  a  re|ietition  of  the  same  operation.  The  gaves  ubtained  must  be  exposed 
to  the  action  of  liquid  potassa,  which  will  abaorb  (bo  caiboni«  acid.  In  moasuriug  the  residue,  it  wi|l 
be  necessary  to  equalise  the  level  of  the  mercury  within  and  without  the  receiver,  by  Imineraing  't  in 
the  well  d.  The  residuary  gas  wilt  proliably  be  nitiggen  only,  but  it  may  be  assayed  for  oxygen  by 
si1(rousgasasdeflcribed(4Qj,n.}   Thegosca  mustof  oRusoboeiiher.mcasuted  uta  mean  of  U)|baroia- 
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quantity  of  carbonic  acid  procured  by  measure}  its  weight  may 
readily  be  inferred  ;  and  from  this,  the  quantity  of  carbonaceous 
matter  is  calculated,  by  recollecting  that  every  22  grains  of  the 
acid  contain  16  of  oxygen  and  6  of  carbon. 

1766.  In  order  to  ascertain  the  quantity  of  hydrogen,  the 
gaseous  products  are  transmitted  through  a  tube  filled  with  frag- 
ments of  the  fused  chloride  of  calcium,  which  absorbs  all  the 
watery  vapour,  and  by  its  increase  in  weight  indicates  the  precise  ' 
quantity  of  that  fiuid  generated.  Every  nine  grains  of  water. 
thus  collected  correspond  to  one  grain  of  hydrogen  and  eight 
of  oxygen. 

1767.  If  the  quantity  of  oxygen  contained  in  the  carbonic 
acid  and  water  corresponds  precisely  to  that  lost  by  the  oxide 
of  copper,  it  follows  that  the  organic  substance  itself  was  free 
from  oxygen.  But  if,  on  the  other  hand,  more  oxygen  exists 
in  the  products  than  was  lost  by  the  copper,  it  is  obvious  that 
the  difference  indicates  the  amount  of  oxygen  contained  in  the 
subject  of  analysis. 

1768.  If  nitrogen  enters  into  the  constitution  of  the  organic 
substance,  it  will  pass  over  in  the  gaseoas  state,  mixed  with 
carbonic  acid.  Its  quantity  may  be  ascertained  by  removing 
the  carbonic  acid  by  means  of  a  solution  of  pure  potassa. 

It  need  scarcely  be  observed,  that  if  the  analysis  has  been 
successfully  performed,  the  weight  of  the  different  products, 
added  together  should  make  up  the  exact  weight  of  the  organic 
substance  employed. 

1769.  In  analyzing  an  animal  or  vegetable  fluid,  the  forego- 
ing process  will  require  a  slight  modification.  If  the  fluid  is  of 
a  fixed  nature,  it  may  be  made  ^nto  a  paste  with  the  oxide  of 
copper,  and  heated  in  the  usual  manner.  But  if  it  is  volatile, 
a  given  weight  of  its  vapour  is  conducted  over  the  peroxide  of 
copper  heated  to  redness  in  a  glass  tube. 

1770.  The  constitution  of  vegetable  substances  is  not  yet  suf- 
ficiently known  to  admit  of  their  being  classified  in  a  purely 
scientific  order.  The  chief  data  'hitherto  furnished  towards 
forming  a  systematic  arrangement,  are  derived  from  a  remarka- 
ble agreement  between  the  composition  and  general  properties 
of  several  vegetable  compounds,  first  noticed  by  6ay-Lussac 
and  Thenard.*  From  the  ultimate  analysis  of  a  considerable 
variety  of  proximate  principles,  these  chemists  draw  the  three 


eter  or  tbermometor,  or  tho  proper  correcttont  made  for  deviatieai  from  tbeae  ftaDdards,  as  w«n  a« 
from  aiiucuuB  vapour,  by  tho  rulea  already  given  page  93,  fcc. 

To  collect  the  water,  a  separate  ofieratioa  on  another  poition  of  Ihesubetanee  ia  necetsary.  Wb«« 
thif  ia  done,  tlie  mercurial  cistern  may  be  remuved  ;  and  each  a  coiWcnsio|f  apparatus  tubalitutod  •■ 
will  be  obvious  to  persons  conversant  with  chemical  processes.  By  tho  apparatus  of  Dr  Prout,  a  part 
only  of  the  tub**  and  its  contents  can  be  heated  at  once.  This  is  of  little  consequence  when  soKd 
bodies  are  acted  upon ;  but  in  tho  decomposition  of  liquids,  or  of  solids  yielding  liquid  products,  it  ia 
dRsirablo  to  ignite  a  greater  length  of  tho  tube  at  a  time.  To  eflhct  this.  Mr  Cooiier,  of  Lambelh.t 
employs  a  lamp,  which  appears  to  be  very  well  adapted  to  the  purjMsc. 

•  Recherchety  vol.  ii.  « 

t  Foi  an  engraving  and  detcrirtion  of  thia.  see  Faraday*i  ClMi.  Afanqia  sect.  xiv. 
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following  conclusions  :  Ist,  A  vegetable  substance  is  always 
acid,  when  it  contains  more  than  a  sufficient  quantity  of  oxygen 
for  converting  all  its  hydrogen  into  water  ;  2dly,  It  is  always 
resinous,  oily,  or  alcoholic,  &c.  when  it  contains  less  than  a 
sufficient  quantity  of  oxygen  for  combining  with  the  hydrogen ; 
and,  Sdly,  it  is  neither  acid  nor  resinous,  but  in  a  state  analo** 
gous  to  sugar,  gum,  starch,  or  the  woody  fibre,  when  the  oxygen 
and  hydrogen,  which  it  contains,  are  in  ihe  exact  proportion 
for  forming  water.* 

1771.  Dr  Prout  has  recently  published  a  papert  on  the  com-  Dr  Proat^a 
position  of  simple  alimentary  substances,  with  remarks  on  the  "***""**"*■• 
analysis  of  organized  bodies,  in  which  he  has  described  an 
improved  method  of  analysis^,  and  detailed  several  important 
results.^  His  first  object  was  to  devise,  if  possible,  an  unex- 
ceptionable mode  of  determining  the  proportions  of  the  three 
or  four  principles,  which,  with  few  exceptions,  form  organic 
bodies  ;  and  after  numerous  trials,  he  adopted  a  method  founded 
upon  the  following  well  known  principles.  When  an  organic 
product,  containing  three  elenients,  hydrogen,  carbon,  and  oxy- 
gen, is  burnt  in  oxygen  gas,  one  of  three  things  must  happen,  i. 
The  original  bulk  of  oxygen  gas  may  remain  the  same,  in  which 
case  the  hydrogen  and  oxygen  in  the  substance  must  exist  in  it 
in  the  same  proportions  in  which  they  exist  in  water :  or  ii.  The 
original  bulk  of  the  oxygen  may  be  increased,  in  which  case  the 
oxygen  must  exist  in  the  substance  in  a  greater  proportion  than 
it  exists  in  water ;  or  iii.  The  original  bulk  of  the  oxygen  gas 
may  be  diminished  ;  in  which  case  the  hydrogen  must  pre- 
dominate. Hence  it  is  obvious,  that,  in  the  first  of  these  cases, 
the  composition  of  a  substance  may  be  determined,  by  simply  as- 
certaining the  quantity  of  carbonic  acid  gas  yielded  by  a  known 
quantity  of  it ;  while  in  the  other  two^  the  same  can  be  readily 
ascertained  by  means  of  the  same  data,  and  by  noting  the  excess 
or  diminution  of  the  original  bulk  of  the  oxygen  gas  employed. 

Dr  Prout  considers  the  principal  alimentary  substances  as 
reducible  to  three  great  classes,  the  saccharine,  the  otVy,  and 
the  albuminouSy  and  his  paper  relates  to  the  first  of  these.  This, 
with  certain  exceptions,  includes  the  substances  in  which,  ac- 
cording to  Gay-Lussac  and  Thenard,  the  oxygen  and  hydrogen 
are  in  the  same  proportion  as  in  water.§ 


Section  H.     Oum. 

1772,  Gum  is  contained  in  considerable  quantities  in  the  sap 
of  many  vegetables,  and  frequently  appears  as  a  spontaneous 


•  Turner**  Elements, 

t  PhilM.  Ttatu.  for  1897,  partSiL  and  JJnn,  9f  Philw,  N.  &  13  and  14. 

t  A  plate  and  dawsripUon  of  Dr  Prout**  appferatot  if  giveo  io  the  Jinn,  of  PkUou 

$  ^art.  Jonr.  N.  B.  ir.  480. 
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exudation.  Oum  arabic  may  be  taken  as  a  specimen  of  pure 
properUw.  gum.  Its  Specific  gravity  is  about  1,4.  It  has  a  slightly  3'el- 
low  tint,  and  is  translucent,  inodorous,  and  insipid.  It  dissolves 
in  water,  forming  a  viscid  solution,  or  tnncilage^  from  which 
it  may  be  obtained  in  its  original  state  by  evaporation  ;  it*  is 
insoluble  in  alcohol,  which,  therefore,  causes  a  white  precipitate 
in  its  aqueous  solutions  ;  it  is  also  insoluble  in  ether  and  uils  ; 
it  undergoes  no  change  by  exposure  to  air,  and  its  aqueous  sola* 
tion  does  not  ferment,  bu^rOnly  becomes  slightly  sour  when 
kept  for  a  long  time. 

1773.  Gum  is  decomposed  by  sulphuric  and  nitric  acids:  the 
..former  produces  water,  acetous  acid,  and  charcoal ;  the  latter, 
among  other  products,  converts  a  portion  of  the  gum  into  a 
Mucouiacid.  white  acid  substance,  called  the  mucotis  acid^  and  which  is 
analogous  to  that  obtained  from  sugar  of  milk,  or  saccholactic 
acid  J  under  which  head  its  preparation  is  mentioned :  malic  and 
oxalic  acids  are  also  formed. 
Boiventa  of        1774.  Dilutc  sulphuric,  and  muriatic  acids,  dissolve  gum  with* 
'""*'  out  change.     The  alkalies,  and  solutions  of  the  alkaline  earths, 

also  dissolve  gum,  and  the  addition  of  acids  occasions  its  partial 
precipitation  without  having  undergone  much  apparent  altera- 
tion. It  combines,  with  a  few  of  the  metallic  oxides.  A  strong 
solution  of  permuriate  of  iron,  dropped  into  a  concentrated 
mucilage,  forms  a  brown  jelly  of  difficult  solubility.  Silicated 
potassa  also  occasions  a  white  flaky  precipitate  in  dilu4e  muci- 
lage, and  is,  according  to  Dr  Thomson,  ai|very  delicate  test  of 
gum.  By  mixing  caustic  ammonia  with  a  boiling  solution  of 
gum,  and  then  adding  subnitrate  of  lead,  Berzelius  obtained  a 
white  precipitate  {gummale  of  lead)  composed  of 

ConpoMtioD.  <^am- 61>75 

Oxide  of  lead 38.^ 


100. 


.  The  atomic  weight  of  gum,  according  to  Berzelius,  is  90 — 
according  to  Dr  Ure,  68. 
Prronacom        1775.  Submitted  to  destructive  distillation*  gum  affords  car- 
^^'  bonic  acid  and  carburetted  hydrogen  g^ses,  empyreumatic  oil, 

water,  and  a  considerable  quantity  of  impure  acetic  acid,  once 
considered  as  a  peculiar  acid,  and  distinguished  by  the  term 
pyromucous  acid^  but  now  ascertained  to  be  merely  the  acetic, 
holding  in  solution  a  portion  of  essential  oil,  and  some  ammo- 
nia, which  last  is  disengaged  on  adding  lime. 
otii#rgam».  1776.  'fherc  are  several  varieties  of  gum  differing  a  little 
from  each  other.  Cherry-tree  gum,  and  gum  iragacanlh 
do  not  dissolve  in  cold  water,  but  in  other  respects  their  pro- 
perties resemble  those  of  gum  arabic.  To  these  varieties  the 
generic  term  of  Cerasin  has  been  given  by  some  chemists. 
v«ftttebi«  1777.  What  has  been  termed  vegetable  jelly^  is  obtained 

i«uy-  from  the  recently  expressed  juice  of  various  acid  fruits,  by 

gentle  evaporation.     It  is  a  tremulous,  soft  coagulum,  almost 
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colourless  after  it  has  been  well  washed,  and  of  an  agreeable 
sub-aeid  taste.  In  cold  water  it  is  scarcely  soluble,  but  in  hot 
water  it  is  abundantly  dissolved ;  and  when  the  solution  cools, 
it  dgain  assumes  a  gelatinous  form.  By  long  boiling,  however, 
it  loses  this  property  of  coagulating ;  hence  the  necessity,  in 
preparing  jelly  from  certain  fruits,  of  not  submitting  the  ex- 
pressed juice  to  protracted  ebullition.  Its  solution  in  water  is 
precipitated  by  infusion  of  galls.  It  seems  probable  that  jelly 
is  merely  gum  combined  with  some  vegetable  acid  ;  for  by 
exposing  it  on  a  sieve,  an  apid  liquor  drains  off^  and- a  hard 
transparent  gum-like  substance  remains. 


Section  III.     Sugar^ 

1778.  Sugar  may  be  extracted  from  the  juice  of  a  number  of  ^,^^^^^^4^ 
vegetables,  and  is  contained  in  all  those  having  a  sweet  taste ; 

that  which  is  commonly  employed  is  the  produce  of  the  arundo 
saccharifera^  or  sugar-cane,  a  plant  which  thrives  in  hot  cli- 
mates. Its  juice  is  expressed  and  evaporated  with  the  addition 
of  a  small  quantity  of  lime,  until  it  acquires  a  thick  consistency  ; 
it  is  then  transferred  into  wooden  coolers,  where  a  portion  con- 
cretes into  a  crystalline  mass,  which  is  drained  and  exported 
under  the  name  of  muscovado^  or  raw-sugar.  The  remaining 
liquid  portion  is  molasses^  or  treacle.  A  gallon  of  juice  yields  Moiaaaai. 
on  an  average  about  a  pound  of  raw  sugar. 

1779.  The  juice,  which  flows  spontaneously  from  incisions  vari«tiMof 
made  in  the  American  maple-tree,  affords  a  quantity  of  sugar  •"«"• 
sufficient  to  render  it  a  process  worth  following.     The  juice  of 

the  carroty  the  melon^*  and  still  more  remarkably  of  the  beet(de/a 
vulgaris^  Linn.)  yield  a  considerable  proportion  of  sugar.  To 
obtain  it  from  the  latter  vegetable,  the  roots,  softened  in  water, 
are  to  be  sliced,  and  the  juice  expressed.  It  is  then  to  be  boiled 
down,  with  the  addition  of  a  little  lime,  till  about  two-thirds 
remain,  and  afterwards  strained.  These  boilings  and  strainings 
are  repeated  alternately,  till  the  liquid  attains  the  consistence  of 
sirup,  when  it  is  left  to  cool.  The  sugar^  thus  extracted,  retains 
somewhat  of  the  taste  of  the  root ;  but  it  may  be  purified  by  the 
operation  used  for  the  refining  of  West-India  sugar,  and  it  then 
loses  its  peculiar  flavour.  The  quantity  obtained  varies  con- 
siderably ;  but  in  general  it  may  be  stated  at  between  four  and 
five  pounds  from  100  pounds  of  the  root,  besides  a  proportion 
of  uncrystallizable  sirup.  In  Germany  the  expense  has  been 
calculated  at  about  three  pence  per  pound. t 

From  the  experiments  of  Prout,}  it  appears  that  a  coarse 
sugar  may  be  procured  from  grapes  at  a  trifling  expense.     In 

♦  Qnart.  Jour.  N.  S.  1. 839. 

t  See  Chapt&l  on  tba  mauafactUM  of  mgu  in  Frtnoe,  PkiU  Mag.  xlf  ii.  331. 

;  Nichobun's  Joumo/,  xxi.  35a 
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CHAP.  TI. 


Animal  su- 
gar. 
HoiM 


loney. 


Propertiei  of 
lU^ar, 


Actioa  of 
acidn, 


•f  alkalies, 


•fprotrtxide 
•f  lead, 

\ 


•f  calorie. 


Com  position* 


apples  and  pears,  io  the  juice  of  liquorice,  and  in  some  other 
vegetable  juices,  sugar  exists,  but  in  a  state  of  corabinatioD, 
which  prevents  it  from  assuming  a  crystallized  form.  In  dried 
grapes,  figs,  &c.  it  is  often  seen  as  a  superficial  incrustation. 

1750.  Honey  is  also  a  variety  of  sugar  containing  a  crystal* 
lizable  and  an  uncry stall izable  portion ;  the  predominance  of  one 
or  other  of  which  gives  to  it  its  peculiar  character ;  they  may  be 
partially  separated  •  by  mixing  the  honey  with  alcohol,  and 
pressing  it  in  a  linen  bag;  the  liquid  sugar  being  the  most  solu- 
ble, passes  through,  leaving  a  granular  mass,  which  forms  crys- 
tals when  its  solution  in  boiling  alcohol  is  set  aside.  Hooey 
also  frequently  contains  wax,  and  a  little  acid  matter. 

1751.  Sugar  is  a  white  brittle  suhstance,  of  a  pure  sweet  taste, 
soluble  in  its  own  weight  of  water  at  60^.  Boiling  water  dis- 
solves a  considerably  larger  quantity.  This  solution  is  called 
sirup ;  it  is  viscid,  and  furnishes  crj^stals  in  the  form  of  four 
and  six-sided  prisms,  irregularly  terminated.  Sugar  is  sdluble 
in  alcohol,  but  much  more  sparingly  so  than  in  water. 

1782.  Nitric  and  sulphuric  acids  decompose  sugar ;  the  for- 
mer converts  it  into  oxalic  acid  ;  the  latter  evolves  charcoal  and 
produces  water  and  acetous  acid. 

17S3.  The  alkalies  dissolve  sugar,  and  destroy  its  sweet  taste, 
which  re-appears  if  an  acid  be  added.  When,  however,  the 
alkalies  are  left  for  a  long  time  in  the  contact  of  sugar  they 
efi*ect  a  more  important  change,  becoming  carbonated  and  con- 
verting the  sugar  into  gum.  From  a  solution  of  sugar  in  lime- 
water,  Mr  Daniell  obtained  crystals  of  carbonate  of  lime  and  a 
portion  of  gum.  The  addition  of  phosphuret  of  lime  to  sirup 
produces  an  analogous  change.* 

1784.  When  protoxide  of  lead  is  digested  with  sugar  and 
water,  a  portion  is  dissolved  and  afterwards  separates  in  the 
form  of  a  white  insipid  powder  {saccharaie  of  leadf)  insoluble 
in  water,  and  composed,  according  to  Berzelius,  of 

S?iicar   .     •     •     .     • 41,74 

Oxide  of  lead    .    .     .     t 58,26 

100,00 

17S5.  When  sugar  is  exposed  to  heat  itfuses,  becomes  brown, 
.evolves  a  little  water,  and  is  resolved  into  new  arrangements  of 
its  component  elements.  If  suddenly  elevated  to  a  temperature 
of  about  505^,  it  bursts  into  flame. 

1786.  According  to  Lavoisier,  sugar  is  composed  of  64  oxy- 
gen, 28  carbon  and  8  hydrogen.  The  results  of  the  analysis 
by  different  chemists  are  given  below.t 


*  Jonmal  of  Science  and  the  Jirit^  vi.  38. 

Gajr-Luuac.  Berxellus. 

t  Carbon    -    -    -    42,47    -  -  -    44,900    - 

Oxveen  -    -    -    S0,63    -  -  •    49,015    - 

Hv'tl'rugon    -    -      0,90    -  -  -      S,785    - 


loot 


100. 


t  Or  carbon       -•    -----    ,-.- 
Oxygon  and  hydrogen  in  Ui«  MOie  proportion 


Prout. 

-  3y,«»9 

-  53,33 

-  6.16 

lOU. 
water    • 


TJro. 

Cram. 

43,38    -    - 

-    41,8 

50,33   -    - 

-    51,7 

6J»    -    - 

-      6,5 

10(1. 


loa. 

42.47 

57,53 


100. 
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• 

According  to  the  experiments  of  Dr  Prout  pure  sugar-candy 
contains  43,85  carbon  and  57^15  water.* 

1787.  Manna  is  an  exudation  from  the  Fraxinus  OrnttSy  a  Mannii. 
species  of  ash,  growing  in  Sicily  and  Calabria.  It  has  a  sweet 
and  somewhat  nauseous  taste,  and  is  used  in  medicine  as  a  mild 
aperient.  The  sweetness  of  manna  is  owing,  not  to  sugar,  but 
to  a  distinct  principle  called  fnannite^  which  is  mixed  with  a 
peculiar  vegetable  extractive  matter.  It  is  soluble  in  water, 
and  m  boiling  alcohol,  the  latter  solution  on  cooling  deposits 
pure  mannite  in  the  form  of  minute  acicular  crystals*  Digest** 
ed  in  nitric  acid,  it  yields  both  oxalic  and  sadatic  acids.  Its 
solution  in  water  does  not  appear  susceptible  of  vinous  fermen« 
tation. 


Section  IV.    SiareL 

1788.  Starch,  or  Fecula^  may  be  separated  from  a  variety 
of  vegetable  substances ;  it  is  contained  in  the  esculent  grains^ 
and  in  many  roots.  The  process  for  obtaining  it  consists  in 
diffusing  the  powdered  grain  or  the  rasped  root  in  cold  water^ 
which  becomes  white  and  turbid  ;  the  grosser  parts  may  be  sep- 
arated by  a  strainer  and  the  liquor  which  passes  deposits  the 
starchy  which  is  to  be  washed  in  cold  water  and  dried  in  a  gentle 
heat. 

17<89.  The  common  process  for  obtaining  the  starch  of  wheat 
consists  in  steeping  the  grain  in  water  till  it  becomes  soft ;  it  Is 
then  put  into  coarse  linen  bags,  which  are  pressed  in  vats  of 
water :  a  milky  juice  exudes,  and  the  starch  falls  to  the  bottom 
of  the  vat.  The  supernatant  liquor  undergoes  a  slight  fermen- 
|ation,  and  i^  portion  of  alcohol  and  a  little  vinegar  is  formed,  ^^^^^*^' 
which  dissolves  some  impurities  in  the  deposited  starch  ;  it  is  Marciu'^ 
%*  ^en  collected,  washed,  and  dried  in  a  moderate  heat,  during 
which  it  splits  into  the  columnar  fragments  which  we  meet  with 
in  contmerce,  and  which  are  generally  rendered  slightly  blue 
by  a  little  smalt. 

1790.  From  the  analysis  of  Dr  Pearson  we  learn  that  100  Aw^tjv$* 
parts  of  the  fresh  potato  root^  deprived  of  skin,  afford 

Water  .    • 68  to  72 

Me«] •    32  '^  28 

100      100 

7be  meal  is  composed  of  three  distinct  substances. 

Fecala 15  to  17 

Fibrous  matter 8  ^'     9 

Extract  or  nmcUage 5  ^^     6 

28        32t 

*  Qfuart,  Jtw,  N.  S.  W.  481. 

t  JlqMrf#fy  ofjMtt  iii.  383.  Set  ilfo  ualfUB  of  Mveral  TtrittiM  of  potato  in  Am*  PkiUst  i*M 
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Of  rice,  starch  constitutes,  according  to  Braconnot,  from  83 
to  85  per  cent.* 

1791.  Pure  starch  is  a  white  substance,  insoluble  in  cold 
water,  but  readily  soluble  at  a  temperature  between  160^  and 
180^.  Its  solution  is  gelatinous,  becomes  mouldy  and  sour  by 
exposure  to  air,  and  by  careful  evaporation  yields  a  substance 
resembling  gum  in  appearance,  which  is  a  compound  of  starch 
and  water.  Starch  is  insoluble  in  alcohol  and  in  ether,  and 
occasions  no  precipitate  in  the  greater  number  of  metallic  solu- 
tions ;  in  solution  of  subacetate  of  lead,  however,  it  occasions  a 
copious  precipitate.  The  most  characteristic  property  of  starch 
is  that  of  forming  a  blue  compound  with  iodine ;  it  may  be  ob- 
tained by  adding  9n  aqueous  solution  of  iodine  to  a  dilute  solu- 
tion of  starch. 

Sulphuric  and  nitric  acids  dissolve  starch,  aind  slowly  decom- 
pose it,  or  resolve  it  into  new  compounds.  Dilute  nitric  acid 
dissolves  it  without  decomposition,  forming  a  greenish  solution, 
which  deposits  starch  upon  the  addition  of  alcohol.  It  is'slowly 
soluble  in  muriatic  acid,  and  insoluble  in  acetic  acid. 

Potassa,  triturated  with  starch,  forms  a  compound  which  is 
soluble  in  water. 

Infusion  of  galls  occasions  a  precipitate  in  the  solutions  of 
starch,  which  re-dissolves  by  heating  the  .liquid  to  120^.  This 
property  Dr  Thomsdn  considers  as  characteristic  of  starch. 

1793.  The  change  of  starchMnto  sugar  is  always  observed 
during  the  germination  of  seeds,  and  in  the  process  of  ma/Zinj* 
a  similar  conversion  is  effected. 

Malt  is  barley  which  has  been  n^ade  to  germinate  to  a  certain 
extent,  after  which  the  process  is  stopped  by  heat.  The  barley 
is  steeped  in  cold  water,^and  is  then  made  into  a  heap  or  couch, 
upon  the  malt-floor :  here  it  absorbs  oxysen  and  evolves  car- 
bonic acid  ;  its  temperature  augments,  and  then  it  is  occasion- 
ally turned  to  prevent  its  becoming  too  warm.  In  this  process 
the  radicle  lengthens,  and  the  plume,  called  by  the  maltsters  the 
acrospirCf  elongates ;  and  when  it  has  nearly  reached  the  oppo- 
site extremity  of  the  seed,  its  further  growth  is  arreted  by 
drying  at  a  temperature  slowly  elevated  to  150°  or  more.  The 
malt  is  then  cleansed  of  the  rootlets. 

1793.  Proust  has  discovered  in  barley,  besides  the  ingredi- 
ents of  wheat,  a  peculiar  substance,  nearly  resembling  saw-dust 
in  its  external  characters,  to  which  he  has  given  the  name  of 
hordein.  This  substance  may  be  separated  from  starch  by  the 
action  of  hot  water,  in  which  it  is  quite  insoluble.  During 
the  process  of  malting,  its  proportion  is  considerably  diminish- 
ed, and  it  appears  to  be  partly  converted  into  sugar,  or  into 


*  Jtnn.  4$  CMab-ft  Pkfi.  It.  383. 
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starch,  as  will  appear  from  the  comparative  analysis  of  malted 
and  unmalted  barley  given  below.* 

1794.  It  appears,  then,  that  the  formation  of  malt  consists  in 
the  increase  of  gum,  sugar,  and  starch,  and  the  diminution  of 
gluten  and  hordein.  The  starch,  that  remains  after  malting, 
is  found  changed  in  its  properties ;  for  it  does  not  as  before  yield 
a  viscid  paste,  capable  of  gelatinizing  on  cooling. 

The  loss  of  weight,  sustained  by  grain  in  malting,  which 
Proust  states  at  one-third,  Dr  Thomson  asserts  is  greatly  over- 
rated, and  that  it  did  not  on  an  average  of  50  processes,  carried 
on  under  his  Inspection,  exceed  one-fifth.  The  hordein  of 
Proust,  he  considers  as  starch'  under  some  modification,  which 
is  changed,  by  malting,  partly  into  true  starch,  and  partly  into 
sugar.     H. 

1795.  Another  mode  of  converting  starch  into  sugar  w«s  dis-  o?»^**»" 
covered  b^  M.  Kirchoff;   it  consists  in  boiling  it  with  very  ■ngvbyiini- 
dilute  sulphuric  acid.     A  pound  of  starch  may  be  digested  in  ***"^  ■***• 
six  or  eight  pints  of  distilled  water,  rendered  slightly  acid  by 

two  or  three  drachms  of  sulphuric  acid.  The  mixture  should 
be  simmered  for  a  few  days,  fresh  portions  of  water  being  occa- 
sionally added  to  compensate  for  the  loss  by  evaporation.  After 
this  process  the  acid  is  saturated  by  a  proper  proportion  of  chalk, 
and  the  mixture  filtered  and  evaporated  to  the  consistence  of 
sirup ;  its  taste  is  sweet,  and,  by  purification  in  the  usual  way, 
it  affords  crystallized  sugar.  M.  M.  de  la  Rive  and  Saussure 
have  shown  that  the  contact  of  air  is  unnecessary  in  the  above 
process ;  that  no  part  of  the  acid  is  decomposed,  no  gas  evolved, 
and  that  the  sugar  obtained  exceeds  by  about  one-tenth,  the 
original  weight  of  the  starch.  M.  de  Saussure,  therefore,  con- 
cludes that  the  conversion  of  starch  into  sugar  depends  upon 
the  solidification  of  water.t  The  starch  from  wheat;  according 
to  the  analysis  of  Gay-Lussac  and  Thenard  is  composed,  in  100  ^^T^^ 
parts  of 

Carboa -.    43,55 

OzjgeD 49,68 

Hjdrogen 6,77 

Berzelius  has  given  the  following  as  the  component  parts  of 
starch.:^ 

Carboa « 43,481 

Oxyi^D •    48,455 

Hjdrogen 7,064 

100,000 

1796.  Jimyline  (called  amy  dine  by  Saussure^  is  intermedi-  AayUot. 
ate  between  gam  and  starch.     It  is  soluble  in  boiling  water, 

la  ISO  pwtt  of  tariey.  In  100  ptrte  of  iMlt. 

•  Reflin 1- 1 

Oom     ---•--•-     4--«-*-----15 

Biig«r  •-• 5--. 15 

•      OlotM  .------•     8----------     1 

0Ureh  .•.•.-.-ai.----*«-»«50 

Bonlain » W   H.9.M0. 
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CHAP.  ¥1. 


Othtr  wi^ 


and  the  solution  yields  by  evaporation  a  pale  semi'transparent 
brittle  substance^  insoluble  in  alcohol,  but  soluble  in  ten  times 
its  weight  of  cold  water,  and  to  any  amount  in  water  at  144^. 
The  solution  is  coagulated  into  a  white  paste  by  sub*acetate  of 
lead.  When  treated  with  iodine,  it  assumes  a  blue  colour.  It 
is  precipitated  by  barytic  water,  but  not  by  fixed  alkalies,  by 
lime  water,  nor  by  infusion  of  galls.     H.  2.  262. 

1797.  When  starch  is  exposed  to  a  temperature  between  600^ 
and  700°  it  swells,  and  exhales  a  peculiar  smell ;  it  becomes  of 
a  brown  colour,  and  in  that  state  is  employed  by  calico-printers 
Britubfuai.  under  the  name  of  British  gum.  It  is  soluble  in  cold  water, 
and  does  not  form  a  blue  compound  with  iodine.  Vauquelin 
found  it  to  differ  from  gum  in  affording  oxalic  instead  of  mu- 
cous acid,  when  treated  with  nitric  acid. 

179S.  Besides  the  starch  of  the  cerealia  and  potatoes,  the  fol- 
lowing varieties  of  this  substance  are  also  met  with.*  ' 

i.  Jirrow-rooti  the  fecula  of  the  Marantha  ^rundinacea. 

ii.  SagOy  extracted  from  the  pith  of  several  species  of  palm, 
growing  in  the  East-India  islands. 

iii.  Tapioca  and  Casaava^  prepared  from  an  American  plant, 
the  latropha  Manihat. 

iv.  Salcp,  obtained  from  the  roots  of  several  species  of 
Orchis. 

1799.  Starchy  lignin. — ^When  the  residue  of  the  spontaneous 
decomposition  of  starch  has  been  washed  successively  with  cold 
and  hot  water,  with  alcohol,  and  with  diluted  sulphuric  acid,  aa 
alkaline  ley,  containing  f^th  its  weight  of  potassa,  still  takes  up 
a  further  portion.  From  this  solution,  diluted  sulphuric  acid 
precipitates  a  light  brown  combustible  substance  having  the 
appearance  of  jet.  It  gives  a  blue  colour  to  the  aqueous  solu- 
tion of  iodine,  a  property  which,  together  with  its  solubility  in 
a  weak  alkaline  liquor,  distinguishes  it  from  common  lignin. 
It  is  not  impossible,  however,  that  the  effect  may  depend  on 
the  presence  of  a  small  quantity  of  starch.    H.  2.  263. 
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1800.  Gluten  may  be  obtained  from  wheat-fiour,  by  forming 
it  into  a  paste  and  washing  it  under  a  small  stream  of  water. 
The  starch  is  thus  washed  away,  and  a  tough  elastic  substance 
remains,  which  is  gluten, 
rroparttei.  I^^  colour  is  grey,  and,  when  dried,  it  becomes  brown  and 
brittle.  It  is  nearly  insoluble  in  water  and  in  ether.  When 
allowed  to  putrefy  it  exhales  an  offensive  odour,  and  when  sub- 
mitted to  destructive  distillation,  it  furnishes  ammonia,^a  cir- 
cumstance in  which  it  resembles  animal 'products.  Most  of  tha 
acids  and  the  alkalies  dissolve  it. 
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1801.  Gluten  is  an  essential  ingredient  in  wheat-flour,  and 
contributes  much  to  its  nutritive  quality  ;  and  gives  considera- 

'  ble  tenacity  to  its  paste. 

According  to  M.  F.  Marcet  gluten  consists  of  carbon  55,7 — 
oxygen  23,0 — hydrogen  7,8 — ^azote  14,5.* 

1802.  A  substance,  much  resembling  gluten,  has  benn  found 
in  the  juices  of  certain  vegetables,  especially  in  those  which 
are  milky  and  coagulable  by  acids.  It  is  contained  in  the  sap 
of  the  house-leek,  of  the  cabbage,  and  most  of  the  cruciform 
plants.  Submitted  to  destinictive  distillation,  it  affords  ammo- 
nia, and  is  in  other  respects  similar  to  the  animal  principle, 
called  albumen ;  henee  it  has  been  termed  vegetable  albumen.  ve«et«bu 

1803.  The  principles  which  have  now  been  adverted  to,  viz.  *^^*™«»- 
sugar,  starch,  gum  or  mucilage,  and  gluten,  constitute  the'pcin* 

.  cipal  nutritive  ingredients  in  most  of  the  esculent  vegetables. 
'Wheat  grown' in  Great  Britain  contains  from  18  to  24  per  cent. 
of  gluten,  the  remainder  being  principally  starch.  The  wheat 
of  the  south  of  Europe  generally  contains  a  larger  quantity  of 
gluten,  and  is  therefore  more  excellent  for  the  manufacture  of 
macaroni,  vermicelli,  and  other  preparations  requiring  glutin- 
ous paste.  The  excess  of  gluten  in  wheat-flour  compared  with 
other  grain,  renders  it  peculiarly  fit  for  making  bread  ;  for  the 
carbonic  acid,  extricated  during  the  fermentation  of  the  paste,  is 
retained  in  consequence  of  its  adhesiveness,  and  forms  a  spongy 
and  light  loaf.t 

1804.  M.  Taddei  has  given  an  account  of  two  new  principles  oiindino  and 
which  he  supposes  he  has  found  in  gluten,  and  which  he  has  ^jS^i^ 
named  gliadine  and  zymome.     Berzelius  has  very  recently  ^'t*""®"*** 
made  some  experiments  on  gluten,  and  infers  that  Taddei  had 

only  given  two  new  names  to  the  known  and  common  principles 
of  plants,  particularly  the  seeds  of  the  graminesB. 

If  gluten  be  boiled  in  alcohol,  as  long  as  this  fluid  grows 
turbid  on  cooling,  a  considerable  portion  of  the  mass  is  separated ; 
if  water  be  added  to  this  solution,' and  the  mixture  be  distilled, 
the  watery  fluid  remaining  in  the  retort  deposits  on  cooling  a 
coherent  glutinous  iflatter,  perfectly  resembling  gluten.  T-his 
is  vegetable  gelatin f  the  gluten,  of  the  same  nature  as  the 
matter  separated  from  rye  and  barley. 

1805.  The  matter  insoluble  in  alcohol,  whilst  moist  is  semi- 
transparent,  and  so  much  like  animal  albumen,  that  it  is  impos- 
sible to  distinguish  by  its  appearance  only,  that  it  is  vegetable 

*  Jtnm.  de  dm.  H  4»  Phf*-  xxxvi.  S7 

t  A  handred  ptrta  of  barley  contain  npon  an  averavo  80  parti  of  itarch,  6  of  flutpn,  and  7  of  Nugar, 
tlie  temainiDf  7  parta  Mng  boak.  From  100  parts  of  rye  Sir  Humphry  Davy  tibtamed  Q]  parts  of 
staicb  and  5  of  gluten.  Fnnn  100  parts  of  oata  be  proeored  SB  of  starch,  6  of  gluten,  and  S  of  sugar. 
100  pariB  of  peaa  afforded  about  50  of  starch,  3  of  sugar,  4  of  gluten,  and  a  smaU  portion  of  cxtmcuTe 
vatter.  100  parts  of  potatoes  yield,  upon  an  average,  90  parts  of  Kturch  ;  ihey  may  be  considered  in 
general  aa  containing  from  one-fourth  to  one -fifth  of  their  weight  of  nutritive  matter.  The  tornip, 
carrot,  and  paraoip*  chiefly  contain  sugar  and  mucilage :  1000  parts  of  eommon  lornips  give  alwut  34 
of  iogart  and  7  of  qyucilage ;  1000  parts  of  carrots  furnish  about  95  of  sugar,  and  3  of  mucilage ;  an^ 
the  aaiBO  quantity  i»f  pannips  afford  00  of  sugar  and  0  of  mucilage.  The  loss  of  weight  in  the  abova 
cases  is  referable  to  vat^r,  and  inert  vegetable  matter  possessed  of  the  properties  of  woody  fibiew 
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albumen.  Caustic  alkaH,  when  the  solution  is  weak  and  cold, 
dissolves  vegetable  albumen,  and  leaves  the  filaments  of  starch 
which  it  has  retained. 

1806.  Vegetable  albumen  is  of  a  yellowish  grey  colour, 
adhesive,  glutinous  and  very  elastic;  it  has  no  taste,  but  it  has 
a  peculiar  smell.  In  a  dry  atmosphere  it  becomes  shining  on 
the  surface,  and  gradually  dries  into  a  mass  of  a  deep  yellow 
colour,  and  is  perfectly  transparent,  resembling  dry  animal 
matter.  It  dissolves  in  alcohol,  and  the  solution  is  of  a  pale 
yellow  colour,  and  remains  after  the  evaporation  of  the  spirit, 
in  the  form  of  transparent  yellow  varnish. 

1807.  When  vegetable  gelatine  is  treated  witli  cold  alcohol,  a 
milky  fluid  is  obtained,  and  a  viscid,  white  matter  remains.  This 
matteh  is  not  vegetable  gelatine  and  has  not  been  examined;  it  is 
dissolved  by  boiling,  but  the  liquor  becomes  milky  on  cooling. 

180S.  Vegetable  gelatine  combines  with  the  caustic  alkalies, 
and  when  the  gelatine  is  in  excess,  a  solution  is  obtained,  which 
is  so  perfectly  neutral  that  no  alkaline  taste  remains.  Ammonia 
and  lime  water  precipitate  it  from  solution  in  acids  and  redis- 
solve  it.  With  the  earths  and  metallic  oxides  it  forms  insoluble 
compounds. 

1809.  The  gelatine,  in  the  solid  state,  is  tanned  Exactly  like 
animal  gelatine.  When  dissolved  to  saturation  in  weak  alkaline 
solutions,  it  possesses  in  so  great  a  degree  the  properties  of 
white  of  egg,  that  it  has  been  miMaken  for  it.* 
dbootdione.  1810.  Caoutchouc,  OT  Elasttc  gum  is  the  concrete  juice  of 
the  HcBvea  caoutchouc  and  lathropa  elasticaf  natives  of  South 
America,  and  of  the  Ficus  Indica  and  Artocarpus  iniegrifolia, 
which  grow  in  the  East  Indies.  It  is  a  soft  yielding  solid,  of  a 
whitish  colour  when  not  blackened  by  smoke,  possesses  con- 
siderable tenacity;  and  is  remarkable  for  its  elasticity.  It  is 
inflammable,  and  burns  with  a  bright  flame.  When  cautiously 
heated,  it  fuses  without  decomposition.  It  is  insoluble  in  water 
atid  alcohol ;  but  it  dissolves,  though  with  some  difficulty,  in 
pure  ether.  It  is  very  sparingly  dissolved  by  the  alkalies,  but 
its  elasticity  is  destroyed  by  their  action.  *It  is  decomposed  by 
iBulphuric  and  nitric  acids,  the  former  causing  a  deposition  of 
charcoal,  and  the  latter  a  formation  of  oxalic  acid. 

1811.  Caoutchouc  is  soluble  in  the  essential  oils,  in  petro- 
leum, and  in  cajeput  oil,  and  may  be  procured  by  evaporation 
from  the  twa  latter  without  loss  of  its  elasticity.  The  purified 
naphtha  from  coal  tar  dissolves  it  readily,  and  as  the  solvent  is 
cheap,  and  the  properties  of  the  caoutchouc  are  unaltered  by 
the  process,  the  solution  may  be  conveniently  employed  for 
forming  elastic  tubes,  or  other  apparatus  of  a  similar  kind.  It 
is  used  by  Mr  Mackintosh  of  Glasgow  for  covering  cloth  with 
a  thin  stratum  of  caoutchouc,  so  as  to  render  it  impermeable  to 
moisture.  This  property  of  coal  naphtha  was  discovered  by  Mr 
Syme.t 
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1812.  The  composition  of  caoutchouc  according  to  Dr  Ure  is  Aoaiyato. 
90  carbony0,88  oxygen  and  9,12  hydrogen  in  100  parts.     From 
its  yielding  ammonia  when  heated  in  close  vessels  it  probably 
contains  nitrogen.    T. 


Section  VL    Extractive  Matter,  Lignin,  ^c* 

1813.  The  term  extract,  or  extractive  principle  has  been 
applied  to  a  peculiar  principle  which  is  supposed  to  form  the 
basis  of  all  the  vegetable  extracts  which  are  generally  made  by 
digesting  vegetable  substances  in  water,  and  evaporating  the 
solution  to  a  solid  consistence. 

1814.  The  existence  of  a  distinct  principle,  under  this  name 
has  been  doubted  by  M.  Thenard,  Dr  Bostock  and  DrUre; 
and  it  is  not  improbable  that  future  discoveries  may  resolve  it 
into  other  known  bodies. 

1815.  It  is  said  to  possess  the  following  properties.     It  is  PropeitiM. 
soluble  in  water,  and  the  solution  is  of  a  brown  colour.     It  is 
insoluble  in  ether,  but  it  is  soluble  in  alcohol  containing  a  small 
portion  of  water.     By  repeated  solutions  and  evaporations  it 

may  be  rendered  scarcely  soluble  in  water.  Solutions  of  chlo- 
rine of  many  of  the  acids,  and  of  most  of  the  metallic  oxideSj 
occasion  precipitates  in  the  aqueous  solution  of  extractive. 

1816.  The  following  substances  may  be  considered  under 
this  head,  though  some  of  them  are  obviously  widely  different 
from  extractive  matter. 

1817.  Ulmin, — This  substance  was  first  noticed  by  Klaproth,  ^^i*-* 
spontaneously  exuding  from  the  elm.     From   the  observations 

of  Berzelius,  it  exists  in  the  bark  of  many  other  treeai^iE^nd  may 
be  obtained  by  digestion  in  alcohol  and  cold  water;  Aid  then 
digesting  the  residue  in  water  which  contains  an  alkaline  car- 
bonate in  solution.  On  neutralizing  the  alkali  with  an  acid,  the 
ulmin  is  precipitated. 

Ulrain  is  of  a  dark  brown  colour,  with  scarcely  any  taste  or  ciianttin. 
smell.  It  is  sparingly  soluble  in  water  and  in  alcohol,  but 
readily  soluble  in  a  weak  solution  of  carbonate  of  potassa* 
Very  few  of  the  metallic  salts  occasion  a  precipitate  in  its  solu- 
tion. The  exudation  from  the  elm  is  generally  combined  with 
carbonate  of  potassa,  and  is  therefore  readily  soluble  in  water. 
From  late  experiments  Doebereiner  considers  it  probable  that 
ulmin  consists  of  an  atom  of  oxide  of  carbon,  and  an  atom  of 
water.* 

1818.  Pohfchraite.    This   term  has   been  applied   to   the  Poiychwit»; 
extract  of  sanron.t    It  is  of  a  deep  yellow  colour,  deliquescent, 
readily  soluble  in  water  and  in  alcohol,   but  insoluble  in  pure 
sulphuric  ether.     Exposure  to  the  solar  rays  soon  destroys  the 
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colour  of  its  aqueous  solution.  Sulphuric  acid  renders  it  blue, 
and  nitric  acid  green :  solutions  of  lime  and  baryta  produce  yel- 
low and  red  precipitates;  subacetate  of  lead  throws  down  a 
deep  yellow  precipitate,  and  nitrate  of  mercury  separates  a  red 
powder. 

1819.  Hematin. — This  peculiar  substance  was  first  recognis- 
ed by  Chevreul  in  the  colouring  matter  of  iog-wood*  It  may 
be  obtained  by  digesting  log-wood  in  water  of  the  temperature 
of  125^.  Filter,  evaporate  carefully  to  dryness,  and  digest  the 
residue  for  24  hours  in  alcohol  of  the  specific  gravity  of  ,837. 
Filter  the  alcohol ;  concentrate  the  solution  by  evaporation,  add 
a'  portion  of  water,  evaporate  a  little  further,  and  set  the  solu" 
tion  aside:  crystals  are  deposited  which,  when  washed  with 
alcohol  and  dried,  are  pure  hematin. 

Hematin  is  of  a  reddish  colour ;  its  taste  is  somewhat  bitter, 
and  its  aqueous  solution  is  yellow  when  cold,  but  orange-red  at 
the  temperature  of  boiling  water.  Sulphuric  acid  added  to  this 
solution  renders  it  reddish  yellow.  The  alkalies  give  it  a  pur- 
plish tint. 

1820.  Nicotin.  This  is  a  principle  existing  in  tobacco.  It 
was  obtained  by  Vauquelin  by  the  following  process  :t 

ET&porate  the  expreMed  juice  to  one>foarth  its  bulk ;  and,  when  cold,  ttrein 
it  through  fine  liaep ;  evaporate  nearl?  to  dryneat;  digest  the  reaidne  in  alcohol } 
filter  and  evaporate  to  drjrnesi ;  dissolve  this  again  in  alcohol,  and  again  reduce 
St  to  a  dry  state.  Dissolve  the  residue  in  water,  and  saturate  the  acid  which  it 
contains  with  weak  solution  of  potassa,  introduce  the  whole  into  a  retort,  and 
distil  to  dryness :  re-dissolve,  and  again  distil  three  or  four  times  succettively. 
The  nicotin  will  thus  pass  into  the  receiver,  dissolved  in  water,  from  which 
solution  i^  may  be  obtained  by  very  gradual  evaporation. 

Nicotin  is  colourless,  acrid,  soluble  in  water  and  in  alcohol, 
volatile,  and  highly  poisonous. 

1821.  ^sparagin.  M.  M.  Vauquelin  and  Robiquet  obtained 
this  su|ptance  in  a  crystalline  form  by  evaporating  the  juice  of 
asparagus.  It  has  a  cool  and  slightly  nauseous  taste,  and  when 
burned  emits  acrid  vapours,  and  leaves  no  traces  of  alkali.:t 

1822.  Bassorin  was  first  noticed  by  Vauquelin  in  gum 
Sassora,  according  to  Gehlen  and  Bucholz,  it  is  contained, 
together  with  common  gupi  in  the  gum  tragecanth,  and  John 
found  it  in  the  gum  of  the  cherry  tree.  Salop,  from  the  exper* 
iments  of  Caventou,  appears  to  consist  almost  totally  of  ba»i 
sorin. 

It  is  characterized  by  forming  with  cold  water  a  bulky  jelly 
which  is  insoluble  in  that  menstruum,  as  well  as  in  alcohol  and 
ether.  Boiling  water  does  not  dissolve  it  except  by  long  con** 
tinned  ebullition,  when  the  bassorin  at  length  disappears,  and 
is  converted  into  a  substance  similar  to  gum  arable.    T. 

1823.  Sarcocoll  exudes  spontaneously  from  a  plant  called 
the  Penea  SarcocoUa.    It  is  generally  of  a  red,  or  yellow  col« 

*  Aeeordiog  to  M .  Pleison  aiparagin  ii  tdmdcsl  with  a  ciTitalline  «ub«tuica  which 
the  tacdiuiiiQ  priacijile  ia  the  liqnoriea  ioot|  and  whioh  is  caUsd  bjr  aoUquer 
CWm.  xzxTu.  81. 
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our,  and  is  solable  in  aleohol  aoad  water,  forming  mucitaginotni 
solution^     Tan  causes  its  immediate  precipitation. 

1824.  Legttmiiie  is  a  particular  vegetable  {principle,  obtained  LegomiM* 
by  M.  H.  Braconnot  from  peas.     When  well  vraslied  iiresem^ 

bled  paste }  exposed  .to  beat  it  liquefied  withoti^t  coagulating. 
Iodine,  mixed  with  it  in  water,  appeared  to  dissolre  it.  It  was 
insoluble  in  boiling  water,  and  produced  a  deep  blue  colour 
with  starch.* 

1825.  Inulin.'^The  roots  of  elecampane^  when  boiled  in  iMtbt* 
water,  furnish  a  decoction,  which,  on  cooling,  deposits  a  White 
powder,  in  many  respects  resembling  starch.      It,  however, 
differs  ia  several  properties  from  that  principle,  an^'has  h^ce 
been  considered  a  peculiar  vegetable  substance.t  . .   ^  •.. 

1326.  JE7fUlin.^-To  obtain  eraetio,  digest  powd.ere(i  ipecacur  Emedni 
anba  in  alcohol,  filter^  evaporate  carefnlly  to  dfyness,  and  re- 
dissolve  in  cold  water.  To  this  solution  add  carbonate  of 
baryta,  filter,  and  again  evaporate  to  dryness ;.  digest  this 
residuum  in  aJcobol,  and  a  solution  is  obtained,  wbich  by  careful 
evaporation,  affords  a  redfiish-brown  substance,  soluble  in  alco- 
hol and  in  water,  and  precipitable  by  sub-^acetate  of  lead  f  its 
taale  is  acrid  and  bitter^  and  it  is  highly  em'etic4 

1827.  Woody  fibre.^^The  term  lignin  has  been  applied  to  WooiySbrt* 
the  'fil)rous  substance  which  remains,  after  digesting  wood  in 
water  and  in  alcohol.     It  is  insipid,  colourless,  and  insoluble 
in  water. 

1828*  We  are  indebted  to  M.  Bi;iconnot  for  some  highly  Acti«nofstii« 
interesting  experiments,  relating  to  the  action  of  sulphuric  acid  Sn^^wood/^ 
'  on  wood.§  In  the  course  of  these  researches,  he  triturated  2$ 
parts  of  hempen  cloth  with  34  of  the  acid ;  it  acquired  the  con^ 
sistency  of  mucilage,  which,  after  24  hours,  was  almost  entively 
Soluble  in  water.  The  diluted  liquor  was  saturated  with  chalky 
filtered*,  and  evaporated  to  the  consistency  of  sirup  -^  it  deposit^ 
ed  sulphate.of  lime,  and  was  then  further  evaporated  to  dryness^ 
when  a  substance,  having  the  characters  of  gum,,  was  obtained. 
In  another  experiment,  24  parts  of  lignin  were  reduced  to  gum 
.  by  34  of  sulphuric  add ;  this  acid  mixture,  diluted  with  water, 
and  boiled  for  10  hours,  became  sweet ;  the  acid  was  then.sep*' 
arated  by  chalky  and  the  liquor,  on  due  evaporation,  afforded  a 
erystallizable  sugar. 

Moistened  saw-dust,  heated  in  a  platinum  crucible  with  its 
weight  of  caustic  potassa,  afforded  a  matter  soluble  in  water, 
and  which,  upon  the  addition  of  an  acid  to  neiitrali^  the  alkali| 
yielded  a  substance  having  the  properties  Df  uJmin. 

Nitric  acid  decomposes  lignin  with  the  aid  of  'heat,  and 
oxalic,  malic  and  acetic  acids  are  formed. 

1829.  The  woody  fibre  by  exposure  to  the  atmosphere  in  a  of  tir. 
perfectly  dry  state,  does  not  undergo  any  change.     The  action 
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^  jffiii'  d»  Chim,  0t  Pkft.  zii.  119.  ' 

61 


4»% 


Medullin, 


CHAP.  yi. 


GMDpMtiion. 


of  the  Hir  upon  it,  however,  when  moistened^  causes  it  to  pass 
through  various  shades  of  colour,  into  a  black  moulA     If  the 

Erocess  be  carried  on  in  a  confined  portion  of  oxygen  gas,  car- 
onic  acid  is  formed.     When  excluded  from  the  air,  even  moist 
wood  shows  very  little  tendency  to  decomposition. 

1830.  The  atomic  constitution  of  lignm,  which  agrees  most 
nearly  with  its  ultimate  analysis  is  the  following : 

Carbon  ....  7  atoms  ...  42  ...  .  53,86 
Oxygen  •  •  •  .  4  ^^  •  •  •  33  •  .  .  •  41,02 
Hjdrogen     •    •    .    4     ^^        ...      4    ...    •      6,12 


78  100.    M.S.273. 

1831.  When  exposed  to  heat,  lignin  affords  an  acid  called  the 
pj/roligneousj  (see  •Acetic  acid).  By  the  distillation  of  wood 
on  a  large  scale  a  peculiar  spiritous  liquid  is  formed,  which  was 
discovered  in  1812  by  Mr  P.  Taylor,*  and  has  been  examined 
by  M .  M.  Macaire  and  Marcett  who  proposed  for  it  the  name 
oi pyroxylic  spirit.  This  liquid  is  similar  to  alcohol  in  many 
of  its  properties,  but  differs  from  it  essentially  in  not  yielding 
ether  by  the  action  of  sulphuric  acid.     It  has  a  strong,  pun- 

fent,  ethereal  odour,  with  a  flavour  like  the  oil  of  peppermint. 
t  boils  at  150°  F.  and  its  density  is  0,828.     It  burns  with  a 
blue  flame. 

Siibcr,  1832.  Suber  or  CorAr.-— This  is  a  light, soft,  elastic,  and  com- 

bustible substance,  burning  with  a  bright  flame  and  leaving  a 
bulky  charcoal.  Its  principal  peculiarity  is,  that  by  digestion 
in  nitric  acid,  it  is  converted  into  an  orange-coloured  mass, 
which  furnishes  to  water  a  peculiar  acid  matter,  which  has  been 
termed  suberic  acid.  Chevreul  has  found  in  it  resin,  oil,  and  a 
peculiar  matter  which  he  calls  Cerin.X 

cotton.  1833.  Cotton  is  a  downy  substance  found  in  the  seed-pods 

of  the  different  species  oi  gossypium.  It  is  insoluble  ia  water 
and  in  dilute  alkaline  and  acid  solutions.  It  combines  with 
several  of  the  metallic  oxides,  which  are  therefore  used  as  inter- 
medes,  or. mordants^  in  the  art  of  dyeing.  Acetate  of  alumina 
is  principally  employed  for  this  purpose. 

iMaiiin.  1834.  Medullin  is  a  term  given  by  Dr  John  to  the  pith  of 

the  sun-flower  and  some  other  plants  ;  it  is  insipid,  inodorous, 
insoluble  in  water  and  alcohol,  and  affords  oxalic  acid  when 
treated  by  nitric  acid ;  submitted  to  destructive  distillation,  the 
products  abound  in  ammonia. 

1835.  Dracine  is  a  substance  found  by  M.  Melandri  in  Dra- 
gon's blood  ;§  Jiltheine  was  6btained  by  M.  Bacon  from  the 
J2lthea  officinalis.\\ 


*  Q^mrt.  Jnr.  xiv.  436. 


t  Jinn.  FkUo»  N.  S.  vili.  09. 
||/fttU7.6B. 


tSee  Wtx: 
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1^36.  Taonin,  or  the  astringent  principle,  is  contained  in  ExtmetiAa. 
many  vegetables.  It  may  be  procured  by  digesting  bruised 
gall-nuts,  grape-seeds,  oak-bark,  or  catechu,  io  a  small  quantity 
of  cold  water.  The  solution  aflTorda^  when  .eya(>orated,  a  sub- 
stance of  a  brownish-yellow  colour,  extremely  astringent,  and 
soluble  in  water  and  in  alcohol. 

The  purest  form  of  tannin  appears  to  be  that  derived  from 
bruised  grape-seeds,  but  even  here  it  is  combined  with  other 
sUbstanceS)  from  which  it  is  perhaps  scarcely  separable,  and 
among  the  aumerous  processes  which  have  beeti  devised  for 
procuring  pure  tannin,  there  is  none  that  answers  the  intended 
purpose.  Mr  Brande  recommends  the  following  propess  ad 
that  by  which  he  has  obtained  tannin  of  the  greatest  apparent 
purity.  Digest  povtrdered  catechu,  in  water  at  33^  or  84^,  filter 
and  boil  the  solution,  wbicb,  on  cooling,  becomes  slightly  tur- 
bid, and  is  to  be  filtered  again, and  evaporate  to  dryness;  cold 
wtter«  applied  as  befcore,  extracts  nearly  pure  tannin**  ^ 

1837.  The  most  distinctive  chjiracter  of  tannin  is  tljiat  of  P»>iwrti«i 
affording  an  insoluble  precipitate  when  added  to  a  solution  of 
isinglass,  or  any  other  i^nimal  jelly.  ,  Hence  infusion  of  tan  is 

used  as  a  test  of  the  presence  of  gelatine,  and,  reciprocally, 
solution  of  gelatine  may  be  used  as  a  test  of  the  presence  of 
tan.  The  solution  of  gelatine,  or  jelly,  may  be  prepared  for  the 
purpose  of  precipitating  tan,  by  dissolving  isinglass  in  water, 
in  the  proportion  of  ten  grains  to  two  ounces*  The  precipitate 
which  has  been  called  Timno^gefaUne  consists  of  54  jelly  und 
46  tan^   An  excess,  of  the  solution  partly  redissolves  it. 

Upon  this  property  the  art  of  tanning  depends,  for  which  oajkr  Tinniof. 
hark  is  generally  employed ;   the  barks,  however,  of  ma9y 
other  trees  may  occasionally  be  substituted. t 

1838.  Tan  forius  a  prfpipitate  with  solution  of  starch,  witb  ^"^^Jj^^ 
gluten,  and  albumen,  and  with  many  of  the  metallic  oxides.^      Meuiuo  w 

1839.  If  the  solution  of  tan,  obtained  as  above^^acribed  ^'^'^ 
jQrotn  catechu,  be  added  to  acetate  of  lead,  an  insoluble  iannate 
qf  lead  falls.    From  an  analysis  of  this  compound,  Berzelius 
states,  that  100  parts  of  tannin  are  composed  of  carbon  50,55, 
oxygen  45,  and  hydrogen  4,45. 

1340.  Mr  Hatchett  has  shown  that  tan  may  be  formed  arti-  ArtiOeiaitM 
ficially  by  digesting  charcoal  in  dilute  nitric  acid  during  several 
days;  it  is  at  length  dissolved,  and  a  reddish  brown  liquor  ia 
obtained,  which  furnishes,  by  careful  evaporation,  a  brown 
«■-  --  ■  -  —   -■  -- .  -  ■  -  -        -  ■    -      ,  ■ 

*  For  other  pioumei,  mo  Henry,  9  ttl. 

t  For  a  Table  eil^bittqf  the  avertfo  qoMtity  oT  Un  OQUUiiQed  in  480  Ibi  of  diffoMOt  terka,  eee 
Davy*!  .fgriemltmrcl  Ghon^tCry,  4to.  p.  79. 

t  An  aoconot  of  Uie  ptdclpitaics  formed  in  metallic  lolutlooi  by  infasioo  of  falti,  will  be  feunl 
ia  Ike  TabU0  bat  theee  preoipilalei  are  rery  eoaiilei,  and  vary  4b  oompoeitJOB. 
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glossy  substance^  amounting  to  about  120  parts  from  100  of 
charcoal. 

This  artificial  tcmnin  appears  to  difler  in  one  circumstance 
only  from  natural  tannin,  which  is,  that  it  resists  the  action  of 
nitric  acid,  by  which  all  the  Tnrieties  of  natural  tannin  are 
decomposed,  though  some  are  more  capable  of  resisting  its 
action  than  others. 

Artificial  tannin  bas  a  bitterish  astringsfnt  taste,  is  eoloble  in 
WatA:  and  alcohol^  and  forms  an  insoluble  pracipitale  in  solu- 
tions of  animal  gelatine,  the  precipitate  consisting,  according  to 
'  Mr  Hatchett,  of  36  tani^in  +  64  gelatine. 

Muriatic  and  sulphuric  acids  occasion  brown  precipitates,  in 
solution  of  artificial  tan,  which  are  eokible  in  hot  water.  It 
combines  with*  the  alkalies,  and  forms  a  precipitate  of  difteult 
sohibility  in  aqueous  solutions  of  lime,  baryta,  and  stfootia,  and 
in  most  onietallic  solutions  \  these  precipitates  are  of  a  brown 
colour. 

1841.  A  variety  of  artificial  tan  is  ibrmed  by  digesting  cam* 
phor  and  resins  in  sulphuric  acid  till  the  liquor  becomes  bhek, 
and  on  being  poured  into  water,  deposits  a  black  powder,  which, 
by  digestion  in  alcohol,  furnishes  ^  brown  tnatter,  soluble ^ia 
\nit6o  ftod  forming  an  insoluble  precipitate  with  gelatine.* 
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1348.  The  colouring  natter  of  regetables  appears  to  reside 
in  several  of  their  principles,  and  is  therefore  very  difcrently 
acted  on  by  solvents.  Its  extraction,  and  transfer  to  different 
sobsfon^es,  dbtistitotes  the  uti  of  Dyeing. 

tM3.  Diflerent  materials  not  only  possess  very  different 
attractions  for  dye  stuffs,  but  they  absorb  the  colooring  matter 
in  vetydlfibrent  proportions.  Wool  appears  in^this  respect  to 
have  the  tftmngest  attraction  for  ooiouring  substances :  silk 
comes  nekt  to  it ;  then  Cotton ;  and,  lastly,  hemp  and  flax. 

1844. 'Colours  have  been  divided  liy  Dr  Bancroft,  in  hia 
work  on  permanent  Colours^  into  suMantivs  and  adjeeiive. 
The  former  communicate  colour  withost  the  intervention  of 
any  other  substance.  They  have  an  attraction  for  the  fibre  of 
cloth  or  linen,  and  are  permatiently  retained.  The  latter  re- 
quire the  intervention  of  some  body,  possq|9sed  of  a  joint  attrae* 
tion  for  the  colouring  material  and  stuff  to  be  dyed.  The  sub- 
stance capable  of  thus  fixing  the  colour,  has  been  called  a  basis, 
'or  mordanL 
.  1845.  The  mordants  most  frequently  applied  are  aeetaie  q/* 
altiminay  sulphate  or  acetate  of  iron,  and  mumate  of  tin. 


•i 


^^mmm^ 


«  UftU^tS*!  PkiL  TVotu.  ieO\  VS06* 


The  sobsttDce  to  be  d  jed  w  first  impregnated  with  the  mor- 
daot,  and  then  passed  through  a  solation  of  the  eolotiring.  mat* 
ter,  which  is  thtis  fiied  in  the  fibre*,  and  its  tint  is  either  modi- 
fied or  exalted  by  the  operation. 

The  following  are  the  modes  of  prodacing  some  of  the 
principal  colours. 

164i6.  Black  is  produced  by  astringents  and  salts  of  iron,  and^siaek. 
if  intended  to  be  deep  and  perfect,  the  cloth  should  previously 
be  dyed  blue  with  indigo.  The  stufi"  is  first  soaked  in  a  bath  of 
galls,  then  rinsed,  and  passed  repeatedly  through  a  solution  of  ^ 
sulphate  of  iron  in  infusion  of  logwood ;  exposure  to  air  deep- 
ens the  colour,  which  at  first  has  a  purplish  tint.  Logwood 
tends  considerably  to  improve  the  black,  and  prevents  its 
acquiring  a  rusty  or  brown  hue.  Sometimes  madder  is  used 
for  the  same  purpose.  Silk  is  dyed  black  nearly  in  the  same 
way,'  but  it  requires  a  much  larger  relative  proportion  of  galls, 
and  the  operation  must  be  frequently  repeated.  It  is  difficult 
to  give  a  good  and  permanent  black  to  calico  \  in  this  process, 
acetate  of  iron,  galls,  and  madder  are  generally  used,  and  the 
Colour  is  rendered  more  durable  by  previously  steeping  the 
goods  in  a  weak  solution  of  glue. 

Orey  is  produced  by  the  same  operations  as  black,  but  the  or«y. 
materials  are  used  in  a  very  dilute  state. 

1847.  Slue  is  chiefly  derived  from  indigOy  a  substance  pro-  biim, 
duced  by  fermenting  the  leaves  of  several  species  of  the  indigo^ 
Jera^  a  plant  abundantly  cultivated  in  South  America  and  in 
the  East  Indies. 

1848.  Indigo  is  a  substance  of  a  deep  blue  colour,  containing  iB^i^^. 
about  50 per  cent,  of  pure  colouring  matter,  which  is  perfectly 
insoluble  in  water ;  when  heated  it  sublimes  in  the  form  of  a 
blue  smoke,  which  on  condensation,  forms  acicular  crystals. 

It  is  soluble  in  concentrated  sulphuric  acid.  This  solution  is 
asually  called  Sttxon  or  liquid  bluCj  and  is  used  as  a  substan- 
tive colour  for  dyeing  cloth  and  silk.  Substances  which  pow- 
erfully attract  oxygen  render  indigo  green,  and  by  exposure  to 
air,  it  again  acquires  a  blue  colour.  In  this  green  state  indigo  is 
soluble  in  the  alkalies,  and  the  solution  is  commonly  employed 
for  dyeing  calico.  A  bath  for  this  purpose  may  be  made  by 
nixing  one  part  of  indigo,  two  parts  of  sulphate  of  iron,  and 
two  of  lime,  in  a  suffii[|^nt  quantity  of  water:  in  tl>is  case  the 
sulphate  of  iron  is  decomposed  by  a  portion  of  the' lime.  The 
protoxide  of  iron  thus  produced  becomes  peroxidized  at  the 
expense  of  the  indigo,  which  is  rendered  green  and  soluble  in 
the  alkaline  liquor ;  cotton  steeped  in  this  solution  acquires  a 
green  colour,  which  by  exposure  to  air,  and  washing  in  water 
acidulated  with  sulphuric  acid,  becomes  a  permanent  blue. 

A  little  iron  or  zinc  thrown  inta  diluted  sulphnte  of  indigo, 
changes  or  destroys  the  colour  in  consequence  of  the  evolution 
of  hydrogen.;  the  colour  is  also  quickly  impaired  and  destroyed 
by  chlorine. 
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1849.  The  analysis  of  indigo,  to  ascertain  the  proportion  of 
coloaring  matter,  which  varies  much  in  diflerent  samples,  may  be 
performed  by  the  successive  action  of  water,  alcohol,  and  muri- 
atic acid.*     100  parts  of  Guatimala  indigo,  thus  treated,.afibrded 

!  Green  matter  oembined  wUh  aannoBta 
Gam 

C  Green  metter 

~    ToAloobol     <  Resin \     30 

f  A  Irece  of  indtgo 

!Red  reiin      • 6 

Carbonate  of  lime       •..•..  S 

Oxide  of  Iron    .•••.*••.>  « 

Alamina > 

„    . ,               (  Silica  ••...••....  3 

Keudue  .    .    Jpnroinaigo 4S 

loot 

1850.  Chlorine  destroys  its  colour,  and  the  same  quantity  of 
free  chlorine  discolours  always  the  same  quantity  of  in4igo. 
Hence  a  solution  of  indigo  in  sulphuric  acid  has  been  employed 
for  measuring  the  strength  of  solutions  of  chlorine  and  of  chio* 
ride  of  calcium,  in  order  to  regulate  their  application  to  tlie 
process  of  bleach  ing4 

185 L.  To  obtain  indigo  of  sufficient  purity  for  experiment, 
the  yellow  solution  of  de-oxidized  indigo  by  lime,  which  forms 
the  dyer's  blue  vat,  may  be  agitated  in  contact  with  air,  which 
will  revive  (he  indigo,  and  precipitate  it  purified  to  a  certain 
degree.  The  precipitate  may  be  digested  in  dilute  muriatic 
acid,  which  will  remove  a  little  iron  and  carbonate  of  lime.  It 
is*  then  to  be  washed  with  distilled  water,  and  dried»§ 

Indigo  may  be  purified  more  completely  by  sublimation. 
About  ten  grains  of  purified  indigo,  in  lumps  of  about  1  grain, 
may  be  placed  in  a  shallow  metallic  capsule  of  about  3  inches 
diameter,  covered  with  a  similar  capsule,  the  concave  sides  of 


*  Cberreul,  wffnii'  de  Ckim  Ixvi.  190. 

t  In  order  to  find  the  value  of  any  •omple  of  indifo.  Mr  D^lton  direeUto  lake  one  srain,  earofnnf 
weighed  from  n  diom  finely  palverized,  put  Uiis  into  a  wioc-glau,  and  drop  two  or  three  fiaim  of 
eoncentrated  aulphoric  acid  upon  it.  Haviof  triturated  them  well,  poifr  in  water,  and  tranafer  the 
coloured  liquid  into  a  tall  c^liadrteal  jar,  aboat  one  Inch  imide  dlamotar.  Wbaa  the  miirtvra  m 
diluted  with  wat'-i ,  eo  at  to  ahow  the  flame  of  a  candle  tbioa^  i^&U  tlie  liquid  lolataon  of  ehlorido  of 
ralcium  with  it,  af  italing  it  alowiy,  and  never  patting  in  any  more  until  the  imell  of  the  preoediof 
portion  has  ranislied.  ^he  liquid  eoon  iMScomeB  transparent,  and  of  a  1>eaatiful  greenish  yellow 
appearance.  Aflor  the  droep  hae  subsided,  the  clear  liquid  may  be  polired  off,  and  a  little  more  water 
pot  into  the  tediroeot  with  a  few  drops  of  ahloride  of  oalcmm  and  a  dnip  of  dilate  solphttrlc  add  ;  if 
more  yellow  liquid  is  produced,  it  arises  from  particles  of  indigo  which  have  escaped  the  action  of  the 
chloride  bufore,  and  must  be  added  to  the  rest.  The  value  of  the  indigo  Mr  Dalton  considers  to  be  in 
fH-oportion  to  the  qaantity  of  real  chloride  of  calcium  necessary  to  destroy  iti  colour.  See  Jlfa»cke*ier 
Memoirt^  N.  B.  iv«  437.— M.  llorin  propoees  another  process,  see  QoarC-  J^ur-  N  8  vi.  464 

X  For  a  description  of  an  iostraniont  Un  ^lis  purpose  contrivod  by  M.  Cray-Loasao,  see  Jimm.  M* 
Ckim.  et  Pky*.  for  June  ]8i!4. 

$  See  an  interesting  pajier,  containing  "  Experiments  end  Ofasenrations  on  Indigo,  and  on  certain 
Bofastanees  which  are  produced  from  it  by  meana  of  Bolpharic  Acid,**  by  Mr  Walter  Cram  of  Glaa>- 
flow,  In  the  Jfimol*  »f  rkiUtophy^  N.  8.  t-  81. 
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both  being  placed  inwards,  and  at  a  distance  not  exceeding 
three-eighths  of  an  inch  in '  the  middle.  Mr  Crum  used  two 
platinum  crucible  covers,  but  similarly  shaped  Vessels  of  other 
.metals  would  probably  answer  equally  well.  Jhe  low^r  capsule 
is  to  be  heated  by  a  spirit-lamp ;  and  when  a  hissing  noise, 
which  at  first  attends  the  process^  has  nearly  ceasedy^the  lamp 
is  to  be  withdrawn,  and  the  apparatus  allowed  to  cooL  On 
removing  the  cover,  the  sublimed  indigo  is  found  planted  on  its 
inner  surface,  forming  Ions  flat  needles,  in  quantity  equal  to  18  • 
or  20  per  cent,  of  the  original  weight,  and  of  a  brilliant  and 
intense  copper  colour.  The  colour,  however,  varies  with  the 
cifcumstances  under  which  the  crystals  are  observed.  The 
specific  gravity  of  the  sublimate  is  1,3« 

1852.  Sublimed  indigo  is  fusible  and  volatile  at  a  heat  of  sahiimci 
about  550°  Fahrenheit,  leaving  no  residue  when  heated  in  open  *™"«^ 
vesseb.  Its  vapour  is  transparent  and  of  ^  beautiful  violet 
colour,  differing  from  that  of  iodine  by  a  shade  of  red.  The 
melting  point  of  indigo,  that  at  which  it  sublimes,  and  that  at 
which  it  is  decomposed,  appear  to  be  remarkably  near  each 
other.  Boiling  oil  of  turpentine  dissolves  enough  of  purifled 
indigo  to  acquire  the  same  fine  violet  colour  as  its  vapour,  but 
deposits  it  again  on  cooling. 

By  the  ignition  of  sublimed  indigo  with  peroxide  of  copper  Anajm, 
in  green  glass  tubes,  its  analysis  gave 

Carbon 73,« 

Azote 11,26 

Oxygen 1«,S0 

Hydrogen .  2,92 

100,00 

These  numbers  correspond  very  nearly  to 

Carbon    .  .  16  atoms  =  96  .  . '  or  .  .  73,84 

Azoto      .  .  1  ditto    =  14  .  .    or  .  .  10^77 

Oxygen  .  •  2  ditto   ss  16  .  .    or  .  •  12,31 

Hydrogen  .  4  ditto   =    4  •  .    or  •  .  3,08 

Equivalent  number .«  •    130  100,*    H.  2.t8<t 

1853.  By  the  action  of  nitric  acid  upon  indigo  a  substance  is  carbsMtie 
obtained  in'  yellow  brilliant  crystalline  plates,  which  exhibits  y^'^' 
acid  properties,  and  has  been  called  by  Dr  Liebig  carbazotic 

acid,  a  name  derived  from  its  composition,  which  is  as  follows: 

Carbon'   .    • 35,043    or    15  atomt 

Azote 16,167    "       3      " 

Oxygen 48,790    «      ISf    " 

1854.  To  obtain  carbazotic  acid  the  following  process  has  Proi 

been  given  by  Dr  Liebig. 

A  portion  of  the  beat  indigo  is  to  be  broken  into  small  fragments,  and 
jnoderately  heated  with  8  or  ten  times  its  weight  of  nitrio  acid  of  moderate 
strength.     It  wiU  ditsolve,  eyolying  nitrous  vapours  and  swelling  up  in  the 


V 


*  Mr  Cram  obj«eti,  properly  to  the  application  of  tho  term  la^af  «# eM,  applied  by  BrugnatelU  to 
mblloMd  indtgo,  and  denies  the  poweri  yri^cb  has  \fwn  •■$n))ed  to  the  raUimate,  of  amalfamatiaf 
with  mereary. 

T  (^mtU  Jwr,  N.  0.  Ti.  491. 
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Tessel  s  after  the  te«n  Iiai  fallpn,  t^e  liqaid  is  to  be  boiled,  mid  nitric  acid 

added  as  long  h«  any  red  vapoura  are  disengaged.  When  (be  liquid  has  become 
cold,  a  Inrge  quar^jlitj  of  seoii-trnnsparent  yellow  crjttaU  will  be  formed,  and 
if  th^  operation  has  been  well  coridttcted,  no  artificial  taoDin  or  resin  will  lie 
obtained.  The. crystals  are  to  be  washed  witb  oold  water,  and  then  boiled  in 
water  sufficient  to  Jissotve  them.  If  aor  oilj  drops  of  tannin  rora  on  tlie 
sarface  of  iite  solution,  they  must  be  carefully  removed  by  touching  them  with 
filtering  paper.  Then  Hltering  thefAiid,  and  allowing  it  to  cool,  yellow  brilliant 
crystalline  plates  will  be  obtained,  which-  will  not  lose  their  lustre  by  wash- 
ing. I'o  obtain  the  substance  perfectly  pauv,  the  cryttalfaust  be  rediuolred 
in  boiling  water,  and  neutralized  by  carbonate  of  j>ota8sa.  Upon  cooling,  a  salt 
of  potassa  will  crystallize,  which  should  be  purified  by  repeated  crystallizations* 

pfopsrtiss.  1855.  When  the  substance  is  heated,  it  fuses,  and  is  volatiliz- 
ed without  decomposition  ;  when  subjected  to  a  strong  heat,  it 
inflames  without  explosion*  its  vapours  burning  with  a  yellow 
flame,  and  a  carbonaceous  residue  remaining.  It  is  but  littld 
soluble  in  cold  water,  but  much  more  so  in  boiling  water ;  the 
solution  has  a  bright  yellow  colour,  reddens  litmus,  has  an 
extremely  bitter  taste,  and  acts  like  a  strong  acid  on  metallic 
oxides,  dissolving  them,  and  forming  peculiar  crystallizable 
salts. — Ether  and  alcohol  dissolve  it  readily. 

Carbazotjc  acid  combines  with  bases  and  forms  salts  called 
carbazotates* 

^  ■  • 

*  CarhAzotate  of  Potaua  crysUdluEea  in  long,  yellow,  seini»txaiupaieiU  sad  wry  brilUiot  nsedtei } 
It  ditaol  ves  in  260  part*  of  water  at  SO^  F.  Strong  acids  docompoM  it.  When  a  little  ii  gf  ^allj 
beatod  in  a  gUus  tabe,  it  first  fasm,  and  then  saddeniy  explodes^  hreakinf  the  tube  to  atoms ;  traces  of 
charcoal  are  oteervod  on  the  fragments.  The  slight  solahUitj  of  thia  salt  snpfrfiea  an  easy  mrtbod 
of  testing  and  separatiog  potassa.  in  a  fluid.  Even  the  potassa  in  tinetore  of  litmas  aoay  be  dtacoTerel 
by  it,  on  the  addition  of  ii  few  drops  of  carbaxotie  acid  dissolved  ia  alcohol,  to  mfiinoa  of  litmos, 
erystafai  of  the  salt  gradqally  separate-  The  salt  contaiaa  no  water  of  ciyttaUisation.  Its  compoeH 
lion  is  potassa  46,31  acid  83,79. 

Carba%0taU  ^  Sedu  crystallises  in  fine  silky  yellow  needles,  ba^riBg  the  general  properties  of  the 
salt  of  potassa,  but  solable  in  from  90  to  34  parts  of  water,  at  SO**  f  . 

CarbatotaU  of  ^mnumiai  fi>rnis  very  long,  flattened,  brilliant,  yellow  crystals,  Tery  soluble  in 
water.  Healed  carefnlly  in  a  glaa  tube,  it  fuses,  and  is  TolatiHsed  without  deeompositioB ;  healed 
suddenly,  it  inflames  without  explosion,  and  leaves  much  eaibonaoeous  residoe* 

CarbazoteU  of  Baryta^  obtained  by  beating  carbonate  of  bafy ta,  and  eaibssolie  acid  with  water, 
crystallises  in  quadrangular  prisSM  of  a  deep  colour,  and  dissolves  easily  ia  water.  When  heated  ii 
fuses,  and  is  deeompcSed  with  very  powerful  explosion,  prodacing  a  vivid  yellow  flame :  100  parts 
loM  atS19^  F.  125  parts  of  water:  100  parts  of  tha.(nhydroiis  salt  eoatsla  75,78  a«id,  and  M,S 
baryta. 

iJarbatotatc  qf  Zmiu^  obtained  like  the  salt  of  baryta,  forms  flattened  q^uadrangulac  prisms,  very 
soluble  in  water,  and  detonating  like  the  salt  Qf  potassa* 

CarbaxoUUo  of  MMgne»i€  foras  veiy  loqg  iadistioot  aeodlesi  of  a  dsar  yellow  ookNir,  is  TOiy 
soluble,  and  detonates  violently* 

CkirbaiotaU  of  Copper^  prepared  by  decomposing  sulphate  of  copper  by  c^rbazotate  of  baryta :  K 
crystallizos  with  difliculty,  the  crystals  being  of  a  fine  green  colour ;  it  is  deliquescent ;  when  heated 
^  it  is  decomposed  without  explosion. 

Carbazotate  of  Silvor,  Carbasotic  acid  readily  dissolves  oxids  of  silver,  when  heated  with  it  and 
water;  and  the  solniioD,  gradually  evaporatsdt  yiekb  scarry  groups  of  fiBeaeicolar  crystate  of  tho 
colour  and  lustre  of  gold ;  the  salt  dissolves  readily  in  water :  when  heated  to  acsartaia  decree,  it  dot 
not  detonate,  but  fuses  like  gunpowder. 

Prote-earbatotate  of  Mertury^  obuined  in  small  yeOow  triangular  crystals,  by  mixing  boUiag( 
solutions  of  the  carbazotate  of  potassa  or  soda,  and  proto-nltrate  of  mercury.  It  requbes  more  tha^ 
ISOO  paru  of  water  for  its  solution :  It  eonsisti  of  53,70  acid»  and  46,91  protoxide  of  ssercory  per  ««Bt^ 

Cka^atotate  of  Lead  may  be  formed  by  decomposing  a  salt  of  lead  by  carbazotate  of  potasBa,  oc 
Soda ;  it  is  a  yellow  powder,  but  slightly  soluble,  and  detonating  by  heat. 

All  these  sails  detonate  mueh  more  powerftilly  wiien  heated  in  dose  vaneb,  than  whsa  halted  ia 
the  air,  and  what  is  remarkable,  tlmse  with  bases  yielding  oxygen  most  readily  vs  Ibosa 
•spMs  with  least  fotce.'-^f  iiii>  ds  CAtn*  kkv.  78 ;  and  i^fuirU  Jomt*  N.  S«  nk: 
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1856.  By  the  action  of  sulphuric  acid  on  Indigo  two  new  oetviiiiiiii 
substances  are  obtained  termed  M^  Mr  Crum  CeruHn  and  PAe*  '****•**' 
nicin.    To  prepare  the  former,  the  indigo  is  digested  in  the 

acid,  the  mixture  is  dissolved  in  a  large  quantity  of  sulphuric 
acidy  and  the  filtered  solution  is  precipitated  by  potassa.  .The 
precipitate  consists  of  cerulin,  in  combination  with  the  $ul* 
phate  of  potessa,  and  has  been  called  Ceruleo-sulphaie  of  po^ 
tassa.  It  requires  about  140  parts  of  water  for  its  solution,  and 
forms  a  very  deep  blue  coloured  liquid.  In  its  property  of 
forming  insoluble  compounds  with  neutral  salts,  cerulin  is 
analogous  to  tan.  From  its  ultimate  analysis  it  appears  to  con* 
sist  of  1  atom  of  indigo  -|*  4  atoms  of  water. 

1857.  Phenicin  is  procured  by  stopping  the  action  of  the  ^J^^'*^ 
acid  on  indigo  before  it  is  converted   into  cerulin;   diluting,  ^"^^^'''^^^ 
filtering  and  washing  the  mixture  with  water,  when  it  becomes 

of  a  bottle  green  colour:  muriate  of  potassa  is  added  to  the  blue 
washings  which  ^re  finally  obtained,  when  the  phenicin  is 
precipitated  of  a  fine  reddish  purple  colour.  It  is  soluble  in 
water,  and  in  alcohol,  forming  blue-coloured  solutions,  and  is 
easily  converted  into  cerulin  by  the  action  of  water.  From  its 
ultimate  analysis  Mr  Crum  is  disposed  to  consider  phenicin  as 
constituted  of  1  indigo  +-2  water. 

1858.  The  colouring  matter  of  vegetables,  bc!iide»  being  capa- 
ble of  fixation  on  cloth,  may  be  obtained  in  a  dry  form,  in  com* 
bination  with  a  base  only.  Thus,  if  to  a  decoction  or  infusioo 
of  madder  in  water,  a  solution  of  sulphate  of  alumina  be  added^ 
the  colouring  matter  is  precipitated  in  combination  with  the 
alumina,  forming  what  is  termed  a  lake.  For  obtaining  thisi 
the  following  process  is  given  by  Sir  H.  Englefield. 

Pot  two  ounces  of  Dutch  crop-madder  into  a  calico  bag,  capable  of  boldintf 
three  or  four  times  that  quantity.  Pour  oo  it  a  pint  of  distilled  water,  and 
triturate,  in  a  mortar,  as  nocb  as  can  be  done,  without  destroy iDg;  the  ba|^« 
The  water  beoomei  loaded  with  colouring  matter,  and  is  opaque  and  muddr* 
Pour  off  this  portion,  and  repeat  the  Ojperation  till  no  more  colour  is  obtained^ 
which  will  generally  happen  after  the  fifth  or  sixth  affusion.  Pour  these  peveral 
washings  into  an  earthen  or  wall  tinned  copper  pan ;  and  apply  heat  till  tha 
liquor  boils.  Let  it  then  be  poured  into  a  basin ;  and  one  ounce  of  a]na» 
dissolved  in  a  pint  of  water,  bo  added,  and  mixed  by  stirring.  Add  an  outtce 
•od  a  half  of  saturated  solution  of  snb-carbonat«  of  potas»a ;  a  violent  effer« 
Tescence  will  ensue,  and  the  colouring  matter  will  be  precipitated.  Stir  tba 
mixture  till  cold,  and  wash  repeatedly  with  boiling  water.  About  half  an  oonoa 
•f  kkc  will  be  obtained,  containing  two-fifths  its*  weight  of  alumina* 

Other  lakes  may  be  ohtained  of  difierent  colours,  by  the  sub- 
stitdtioR  of  difierent  dyeing-woods ;  and  from  the  infusion  of 
cochineal,  the  beautiful  pigment  called  Carmine  is  precipitated 
by  means  of  a  solution  of  tin.     H.  2.  283. 

1859.  Yellow. — There  are  several  dyestuflTs  employed  in  the 
production  of  yellows.  A  decoction  of  IVeld  {Reseda  Lui^ 
/co/A,)  with  an  aluminous  mordant  gives  a  good  yellow,  which 
is  rendered  more  brilliant  by  tartar,  and  by  permnriate  of  tin* 

The  bark  of  the  American  oak  {Quereus  Nigruy)  or  Qtidrei^ 
iron  bark,  also  furnishes  excellent  yellows ;  it  was  first  Intro? 
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duced  into  England  by  Dr  Bancroft,  who  has  fully  and  phi- 
losophically detailed  its  varjapus  applications.*      The  salts  of 
alumina  and  of  tin  are  th^  principal  mordaots  employed  both 
with  wool  and  cotton. 

Fustic  woodf  sumaCf  and  dj/ers^  broom^  are  also  oipcasion- 
ally  employed  as  sources  of  yellow  colours. 

|t«d».  I860.  Seds  are  chiefly  produced  from  madder ^ She  prepared 

root  of  the  JRubia  Tinciorum.  The  colouring  matter  is  fixed 
by  an  aluminous  mordant,  assisted  by  galls,  but  the  process  is 
very  complex  and  circuitous.  In  Dr  Bancroft's  work  above 
quoted  (vol.  ii.)  are  full  dietails  upon  this  subject ;  and  a  per- 
spicuous abstract  of  them  will  be  found  in  Aikin's  Dictionary, 
Art.  Dyeing. 

Brazil  woody  aafflovoery  and  logwood  are  occasionally  em- 
ployed as  red  or  pink  dyestuffs,  but  they  only  give  fugitive 
colours. 

Seaiitt.  1861.  Scarlet  is  produced  exclusively  with   the  colouring 

matter  of  the  cochinealy  a  small  insect  brought  from  Mexico, 
where  it  is  found  upon  different  species  of  the  Opuntia.  The 
nature  of  this  colouring  matter  has  been  investigated  by  M.  M. 
Pelletier  and  Caventou  ;.  it  is  united  in  the  insect  with  a  pecu- 
liar animal  matter,  fat,  and  some  saline  substances;  they  sepa- 
rated it  by  exposing  a  strong  alcoholic  tincture  of  cochineal  to 
spontaneous  evaporation ;  it  deposited  a  cr3'stalline  matter,  which 
was  re-dissolved  in  alcohol  and  the  solution  mixed  with  its  bulk 
of  sulphuric  ether ;  this  caused  it  in  a  few  days  to  deposit  the 
pure  colouring  principle,  which  they  call  Carminium:  Dr 
John  has  proposed  for  it  the  term  Coccinellin*  This  substance 
is  fusiUe  at  about  120^,  very  soluble  in  water,  less  so  in  alco- 
hol, and  insoluble  in  ether ;  the  acids  change  its  colour  from 
purple  to  pale  red  or  yellow:  the  alkalies  render  it  violet; 
and  its  colour  is  impaired  by  most  saline  solutions.     It  readily 

Ginniit.  Combines  with  alumina,  forming  a  beautiful  lake  or  carmine. 
The  colouring  matter  of  cochineal  is  fixed  upon  wool  by  nitro- 
muriate  of  tin  and  tartar,  by  which  scarlets  are  produced  and 
alum  changes  the  scarlet  to  crimson.  Cotton  and  linen  are 
very  rarely  dyed  with  cochineal^  for  independent  of  its  great 
expense,  the  colours  are  little  superior  to  those  given  by  mad- 
der. 

•"■■•  1862.  Buff  and  Fawn  Colour  are  produced  in  a  variety  of 

ways.  fFalnut-husks  and  Sur^aCf  with  alum  mordants,  give 
durable  colours  of  this  description,  which  are  rendered  Drab, 
or  Grey,  by  a  very  little  iron. 

Ot»W'  "  1863.  Green  is  obtained   on  woollen  cloth,  by  passing  it 

through  the  green  indigo  va^  and  then  dyeing  it  as  for  simple 
yellows,  the  relative  proportion  of  the  blue  and  yellow  being 
adjusted  to  the  intended  intensity  of  the  green.  Silk  i^  first 
dyed  yellow,  and  afterwards  blued  with  indigo.  Saxon  green 
is  done  by  dyeing  yellow  upou  a  Saxon  blue  ground.     A  solu- 

BeNuobM  concemiiif  tlw  Philoaoiiby  of  Paraaaant  Coloon,  Ibc  Loadon,  181S: 
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tioD  of  verdigris  in  Vinegar  is  sometimes  used  to  produce  a  deli- 
cate green ;  pearlash  is  add^d  before  it  is  used,  and  the  cotton 
previously  impregnated  with  the  alum  mordant,  is  then  passed 
through  the  nixture.* 

1864.  Caffco-printing  is  a  more  refined  apd  difficult  branch  cdioo  pdDtr 
of  the  art  of  dyeing.  In  this  process  adjective  colours  are  almost  *^' 
always  employed.  The  mordants,  the  principal  of  which  are 
aeetate  of  alumina,  and  acetate  of  iron,  are  first  applied  to  the 
calico  by  means,  of  wooden  blocks  or  copper  plates,  upon 
which  the  requisite  patterns  are  engraved.  The  stuff  is  then 
passed  through  the  colouring  bath,  and  afterwards  exposed  on 
the  bleaching  ground,  or  washed.  The  colour  flies  from  those 
parts  which  have  not  received  the  mordant,  and  is  permanently 
retained  on  those  parts  only  to  which  the  basis  has  been  appli- 
ed :  variety  of  colours  is  produced  by  etnploying  various  mor- 
dants and  different  colouring  materials. 

^White  spots  upon  a  dark  grbund  are  sometin^cs  produced  by 
covering  the  parts  with  wax,  pipe-clay,  or  other  materials,  which 
prevent  the  contact  of  the  coldur ;  or  citric  acid,  thickened  with 
gum,  is  applied,  Hke  a  mordant  with  a  block  or  plate  which 
prevents  the  retention  of  the  colour.'  Sometimes  the  colour  is 
discharged  in  places  by  the  appfication  of  chlorine.t 


Section  IX.     Wax. 

1865.  This  principle  exists  in  many  plants;  it  may  be  ob- 
tained by  bruising  and  boiling  them  in  water  ;  the  wax*  sepa- 
rates and  concretes  on  cooling. 

The  berries  of  the  Myrica  cerifera^  and  the  leaves  and  stem 
of  the  Ceroxylon  afford  considerable  quantities  of  wax  by  this 

iirocess.^  The  glossy  varnish  upon  the  upper  surface  of  the 
eaves  of  many  trees  is  of  a  similar  nature,  and  thbugh  there 
are  shades  of  difference,  these  varieties  of  wax  possess  the 
essential  properties  of  that  formed  by  the  bee. 

1866.  Pure  wax  is  colourless  and  insipid;  its  specific  gravity  Tr<»^«ctiM. 
is  about  ,96 :  it  is  insoluble  in  water^  and  fusible  at  a  tempera- 
ture of  about  150^ ;  at  a  hieher  temperature  it  is  converted  into 
vapour,  and  at  a  red  heat  it  burns  in  the  contact  of  air  with  a 
bright  flame.  It  is  sparingly  soluble  in  boiling  alcohol  and 
ether,  and  is  deposited  as  the  solutions  cool.  The  fixed  oilsj 
when  assisted  by  heat,  readily  dissolve  it,  and  form  a  compound 


the  above,  «a  infinite  Tarietjr  of  tow^onnd  coltmrs  ere  formed,  by  miituiet  of  the 
eimpler  tints,  end  of  tbe  mordents ;  for  prac^oel  details  see  Dr  Bancroft*s  TVeetiM,  end  Bertbollei  m 
Dpeing, 

ZtaOkopieriU^-'H.  M .  Cbevelier  end  Pelleten  have  given  this  qame  to  a  erystalfized  colooriog 
eubetaooe  whidi  they  have  extracted  from  the  bari(  of  tbe  Zonttexir/iMiof  the  Carribee  Isle nds  See 
Am^  PkiU9,  N.  8.  ii.  80. 

t  See  Parkes*  JCssey^,  v.  1.  and  Bottom  Jew.  ^  PkitM.  iii. 

i  Boatoek,  Nicholson's  JenraeZ,  voU  ir.  Braode,  PhiU  TVSM.  1811.  Dtoa*  is  dwuHfu  Jeimiel 
l/Ssi«iie«,i. 


499  Fi^  OiL  csAF.  VI. 

Omipi  of  rariable  eoosistencyy  which  is  the  basis  ^f  eetaUs  md  aint- 
mente.  Some  of  the  volatile  oils  also  dissolve  wax,  when  aided 
by  heat.  It  is  soluble  in  tbe  fixed  alkalies^  forming  soapy  com- 
pounds ;  but  the  acids  scarcely  act  upon  it ;  hence^e  advaotagf^ 
of  wax-lute  for  tbe  retention  of  corroeiye  vapou* 

1867.  When  beea'^wax,  or  myrtle-wax,  are  digested  in  boil* 
ing  alcohol)  they  afford,  according  to  Dr  John,  a  soluble  and 

Ohi^         insoluble  portion ;  be  haa  called  tbe  fbroier  certn,  the  latter 

MlTiidB.  myricin.  Cerin  is  insoluble  in  water  and  in  cold  alcohol  and 
ether,  but  dissolves  in  those,  liquids  when  heated.  Myriein  is 
insoluble,  under  all  circumstances,  in  alcohol  and  ether. 

OMot,  The  term  cerine  has  been  applied  by  Chevreiil  to  a  prineiple 

resembling  wax  which  he  separated  from  cork ;  it  is  less  fusible 
than  wax,  more  .soluble  in  alcohol,  and  partly  converted  into 
oxalic  acid,  by  the  action  of  nitric  acid* 

^S^"^  1868.  Gay-Lussac  and  Thenard,  and  Df  lire,  have  analyzed 
yellow  wax  by  combustion  with  peroxide  of  copper  and  do- 
4uoed  its  elements  to  be 

Cartwp      •    •    •    .    61,784 80,69 

Oxygen  ,  •  •  •  6,544  .  .  ,  .  ,  7,94 
HjrdrQgcQ      •    •   ..    12,673 11,37 

ioo>  iop,t 

The  atomic  constitution,  most  consistent  with  these  results  is, 

Carbon  •  .  •  •  13  atomi  .  .  78  •  .  80,41 
Oxygen  •  •  1  atom  •  •  8  •  .  8^6 
Hjdrogen   •    •    U  atoms    •    •    11    ^  •    11,33. 

97  100. 

But  it  is  not  improbable,  as  Dr  Ure  has  remarked,  that  an 
atom  more  of  hydrogen  may  exist  in  wax  than  has  been  dis- 
covered by  analysis,  and  that  it  may  consist  of  12  atoms  of 
olefiant  gas  -|- 1  atom  of  carbonic  oxide.    i{.  8.  294. 


Section  X.    Fixed  Oil. 

1869.  Fixed  Oil  is  generally  obtained  by  pressure  from  cer^ 
tain  seeds,  such  as  the  almond,  linseed,  and  many  others  and 
from  the  oliye4  The  specific  gravity  of  the  fixed  oils,  is  usu- 
ally a  little  below  that  of  water.  They  are  viscid  ;  insipid,  or 
nearly  so ;  and  generally  congeal  at  a  temperature  not  so  low  as 
that  required  to  freeze  water.  A  few  of  them  are  solid  at  the 
ordinary  temperature,  and  have  been  called  vegetabh  butters. 
They  are  insoluble  in  water,  but  by  the  aid  of  mucilage  may 
be  diffused  through  it,  forming  emulsions.    They  are  for  tbe 

•  RaOuMuM^  uu  \  PkiU  TYmu.  ISR. 

i  OHtv  oil  ta  ■ometimM  adultantod  with  that  of  eaitaiB  aeeda,  which  may  he  iateetad  bj  the  aetio« 
of  altrato  of  nareaiy.  For  this  purpose,  6  parts  of  mercory  are  difsolved  without  heat,  ia  7,5  parti 
of  nitric  acid,  spooifle  fraTtt|  1,38 ;  this  solacion,  ahalcen  with  oUre  oil,  beooo^  iolU  ia  a  Ibw  hoiirt ; 
%at  if  aopUatkatad  with  oil  of  giaiat,  it  dooa  not  toIidUy  ii^ 
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most  part  sparinglj  soluble  in  alcohol  tftcl  ether^  though  eaitoiv 
oil  dissolvea  in  any  quantity  io  those  fluids.^ 

1870.  Fixed  oils  and  fats*  are  not  pure  proximate  prineiplesi  steme  an^ 
but  consist  of  two  substances,  one  of  which  is  solid  at  common  *^'^^' 
temperatures,  while  the  other  is  fluid.    To  the  former  CheTreuI 

has  applied  the  name  of  Siearine  from  rrmc  suet,  and  to  the 
latter  Elaine  from  fA«itf  oil.  .Stearine  is  the  chief  ingredient . 
oT  suet,  butter,  and  lard,  and  is  the  cause  of  their  solidity ; 
whereas  oils  contain  a  greater  proportional  quantity  of  elaine, 
and  are  consequently  fluid.  These  principles  may  be  separated 
from  oitt  another  by  exposing  fixed  oil  to  a  low  temperature, 
and  pressing  it  when  congealed,  between  folds  of  bibulous  paper. 
The  stearine  is  thus  obtained  in  a  separate  form ;  and  by  press- 
ing  the  bibulous  paper  under  water,  an  oily  matter  is  procured 
which  js  elaine  in  a  state  of  purity.t 

M.  Pictet's  method  of  procuring  elaine,  consists  io  pouring 
upon  oil  a  concentrated  solution* of  caustic  soda,  stirring  the 
mixture,  heating  it  slightly  to  separate  the  elaine  from  the  soap 
of  the  stearine,  pouring  it  on  a  cloth,  and  then  separating  by 
decantation  the  elaine  mm  the  excess  of  alkaline  solution. 

1871,  When  the' gum  of  olive  oil  is  dissolved  in  alcohol,  ouvik. 
and  the  aolation  is  allowed  to  evaporate  spontaneously,  a  pecu* 

liar  substance  is  deposited  in  flattened  needles,  or  as  a  brilliant 
amylaceous  powder,  to  which  M.  Pelletier,  its  discoverer,  has 
given  the  name  of  otivik,X  • 

1872.  These  oils  cannot  b^  volatilized  without  decomposi* 
tion,  which  takes  place  at  a  temperature  of  about  600^,  and 
water  is  copiously  formed,  ajjtended  by  the  separation  of  car^ 
bonaeeods  matter,  which  causes  the  oil  to  blacken  and  grow 
thick ;  a  portion  of  acetic  acid  is  also  at  the  same  time  formed. 
If  the  vapour  be  collected,  it  is  found  acrid,  sour,  and  empy- 
reomatic ;  it  was  formerly  employed  in  pharmacy,  under  the 
name  of  pkUoiopher'a  ml^  and  as  it  was  often  obtained  by  steep- 
ing a  brick  in  oil,  and  submitting  it  to  distillation,  it  was  also 

called  oil  of  briehe.    Passed  through  a  red  hot  tube,  the  fixed  oiioTMeka* 
oils  furnish  a  very  large  proportion  of  earburetted  hydrogen 
gas ;  and  when   burned  in  the  wicks  of  lamps  they  sufier  a 
similar  decomposition,  and  water  and  carbonic  acid  are  the  pro- 
duets  of  their  combustion. 

1873,  The  greater  number  of  the  fixed  oils  undergo  little 
other  change  by  exposure  to  air  than  that  of  becoming  some- 

*  Braiiit,  Pktt,  Trmnta0tfmu,  1811. 

t  Fw  (Im  pnrpon  of  tabrioatliK  dBUcato  wbMl-work,  m  to  chroooaietom,  dMkfl,  Jbc .  it  to  inportani 
tbftt  •\l  ihpaU  U  ftw  froM  9fnf  kM  pf  «eM,  or  of  mvcUaffo,  tlut  it  tboold  te  ioct  be  pon  «ttiiie| 
without  toy  traoo  of  ■tooriae.  la  order  Io  extract  tkfi  elUiiie  from  fixed  oils  M.  Chevrcol  treaii  it  in  o 
natrue,  with  7or8  liBM  ite  weifbl  ^f  eloohol  nearly  boilinf ,  decaotingthe  liqaid,  and  expotin^  it  Io 
oold*  tW  elearioo  wil  Umo  eeporalo  la  the  fora  of  a  oryitalliaed  preeipHate.  The  alcobolie  eolo- 
tioa  laaet  the*  bo  ovapontfed  to  the  Sfth  of  its  Totame,  and  the  renalader  wiS  be  elKioet  which  oi^t 
to  be  ooktorleM,  ioeipid,  alsuiet  withoat  aiaell,  withoot  any  aetion  on  the  infosion  of  tonMoIe,  barinf 
the  cooebKegoB  of  whit*  oKva  oil,  and  oo«|ttlabla  with  difleolly.    £dim*  /ear. 

{jtflB.I'Asl^xik 
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what  more  Tiscid,  and  aoqiiiriog  a  degree  of  rancidity.  In  this 
state  they  contain  free  acid,  and  redden  vegetable  blues.  Some 
few  such  as  linseed,  and  nut-oil,  add  the  oils  of  the  poppy  and 
hemp-^eed  become  covered  with  a  pellicle,  and  when  thinly 
spread  upon  a  surface,  instead  of  remaining  greasy,  become 
Drrim  oil.  Iiard  and  resinous ;  these  are  termed  drying  oilsy  and  their 
.drying  quality  is  much  improved  by  boiling  them  upon  a  small 
quantity  of  litharge. 

1874.  The  drying  oils,  and  especially  nut-oil,  form  the  basis 
Printen*  uk,oi  printer^ 8  tfik^  the  history  of  which  will  be  found  in  Liswis's 

PhiL  Commerce  of  the  %drts.  The  oil  is  heated  and  sef  fire  to, 
and  after  having  been  suffered  to  burn  for  half  an  hour  is  extin- 
guished, and  boiled  till  it  acquires  a  due  consistency ;  in  this 
state  it  is  called  Varnish^  and  is  viscid,  tenacious,  and  essily 
miscible  with  fresh  oil,  or  with  oil  of  turpentine,  by  which  it  is 
properly  thinned,  and  afterwards  mixed  with  about  one-eighth 
part  of  lamp-black. 

1875.  Nitric  acid  acts  with  great  energy  on  the  fixed  oils. 
In  a  small  proportion,  its  chief  effect  is  to  render  them  thicker. 
When  distilled  together  with  a  large  proportion  of  acid,  the  oil 
is  decomposed,  and  nitrous  gas  disengaged;  oxalic  acid  remain- 
ing in  the  retort^  Red  and  smoking  nitric  acid,  when  suddenly 
mixed  with  a  fixed  oil,  especially  with  the  addition  of  a  little 
sulphuric .  acid,  occasions  a  violent  combustion.  Chlorine  gas, 
passed  through  them,  thickens  them,  andj  renders  them  tena- 
cious  like  .wax.     H.  ^ 

1876.  The  alkalies  readily  combine  with  the  fixed  oils,  and 
form  white  compounds  called  Soap,  Of  these  the  most  impor- 
tant is  the  aoap  of  sockty  which  is  thus  made :  Five  parts  of 
barilla  are  mixed  with  one  of  lime  and  a  proper  quantity  of 
water.  In  this  way  a  /ey,  or  solution  of  caustic  soda,  is  obtain- 
ed, which  is  boiled  in  an  iron  pot  with  six  parts  of  oil  till  the 
soap  separates,  which  is  accelerated  by  the  addition  of  common 
salt;  it  is  then  suffered  more  perfectly  to  congeal,  and  in  a  few 
days  becomes  hard  enough  to  cut  into  forms.*  The  best 
soaps  are  made  with  olive  oil  and  soda  \^  in  this  country  animal 
fat  is  usually  employed  for  the  common  soaps,  to  which  resia 
and  some  other  substances  are  occasionally  added.  Soft  Soap 
is  a  compound  of  potassa  with  some  of  the  common  oils;  even 
fish  oil  is  often  used. 

1877.  In  the  formation  of  soap  the  stearine  and  elaine,  accord- 
ing to  Chevreul,  disappear  entirely,  being  converted  by  a  change 
in  the  arrangement  of  their  elements  into  three  compounds,  to 
which  he  has  applied  the  names  of  margaric  and  oleic  acids, 
and  glycerine.  The  two  acids  enter  into  combination  with  the 
alkali  employed,  and  the  resulting  compound  is  soap. 

1878.  Soap  furnishes  a  milky  solution  with  water.  It  dis- 
solves in  alcohol,  and  the  solution,  if  concentrated,  is,  of  a 
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• 


«BCT.  XI.  Volatile  Oil$.  495 

gelatinous  consistency.  By  carefully  distilling  off  the  alcohol^ 
a  transparent  soap  is  obtained. 

The  acids  and  the  greater  number  of  salts  decompose  soap, 
forming  in  most  cases  a  compound  of  difficult  solubility  ;  hence 
hard  waters  are  unfit  for  washing,  in  consequence  of  contain-, 
ing  sulphate  of  lime  ;  hence  also  the  alcoholic  solution  of  soap 
is  usual  as  a  test  for  ascertaining  the  fitness  of  water  for  this 
purpose,  which,  if  it  becomes  very  turbid,  cannot  in  general  be 
used  for  washing. 

When  soaps  are  decomposed  by  the  acids^  the  oil  which  they 
contain  is  found  to  have  undergone  a  change,  the  history  of 
which  will  be  noticed  under  the  head  of  animal  oils. 

1879.  The  fixed  oils  readily  combine  with  oxide  of  lead,  pia«tor. 
when  aided   by  heat,  forming  the  compound  usually  termed 
plaster;  with  the  oxides  of  mercury  and  bismuth  they  produce 
very  similar  combinations,  and  are  also  capable  of  dissolving 
white  arsenic  in  large  proportion. 

1880.  The  ultimate  components  of  olive  oil,  as  given  by 
Oay-Lussac  and  Theoard,  are  . 

Carbon 77,?13  AtMymM. 

Osjgen 9,427 

Hjdrogen •    13,360 

100. 

From  these  proportions  it  is  inferred  that  olive  oil  probably 
consists  of 

10  atoms  of  carbon,  1  atom  of  oxjgen,  1 1^  atoms  of  hydrogen. 

1881.  The  fixed  oils  have  a  singular  property,  which  has  led  Bpontana^pt 
sometimes  to  serious  accidents.     When  mixed  with  lampblack^  oombmUw. 
or  with  any  light  kind  of  charcoal,  and  even  with  several  vege- 
table substances,  as  cotton,  wool,  or  flax,  the  mixture,  after 

some  time,  heats  spontaneously,  and  at  length  bursts  into  flame. 
This  combustion  has  sometimes  been  observed  to  take  place  in 
the  waste  cotton,  employed  to  wipe  the  oil  from  machinery ; 
and  has  probably  occasioned  many  of  the  dreadful  fires,  which 
have  happened  in  cotton-mills,  and  for  which  no  adequate  cause 
could  be  assigned.* 


SfiCTioN  XI.     Volatile  Oils. 

1882.  These  oils  are  generally  obtained  by  distilling  the  plants  How  •btam^ 
which  afford  them  with  water  in  common jl^Us ;  the  water  and  ^ 
oil  pass  over  together,  and  are  collected^n  the  Italian  re* 
eipient  shown  in  fig.  125,  in  which  the  water  having  reached  Pi.vi'i. 
the  level  a  6,  runs  off  by  the  pipe  c,  and  the  oil  being  generally 
lili^hter  than  water,  floats  upon  its  surface  in  the  space  d.     The 
whole  contents  of  the  recipient  are  then  poured  into  a  funnel. 


*  Sw  ^mtrt.  J0wr.  t.  A 


496  VolatiU  Oils.  chap.  ti. 

the  tube  of  which  is  closed  with  the  finger,  and  when  the  oil 
has  collected  upon  the  surface,  the  water  is  suffered  to  run  from 
it,  and  the  oil  transferred  into  a  bottle.  The  distilled  water 
being  saturated  with  the  oil,  should  be  retained  (or  a  repetition 
of  the  distillation.  The  produce  of  oil  is  sometimes  increased, 
by  adding  salt  to  the  water  in  the  still,  so  as  to  elevate  its 
boiling  point  a  few  degrees. 

Some  of  the  volatile  oils  are  obtained  by  expression,  such  as 
those  of  lemonf  orangey  and  Bergamoty  which  are  contained 
in  distinct  vesicles  in  the  rii|d  of  those  fruits. 

1883.  The  volatile  oils  vary  considerably  in  specific  gravity, 
as  will  be  seen  by  referring  to  the  Tabks. 

Praptftiw.  The  volatile  oils  have  a  penetrating  odour  and  taste,  and  are 
generally  of  a  yellowish  colour ;  they  are  for  the  most  part 
very  soluble  in  alcohol,  and  very  sparingly  soluble  in  watery 
these  solutions  constitute  perfumed  essences  and  distilled 
waters.  The  latter  are  principally  employed  in  pharmacy^  and 
the  former  as  perfumes. 

When  pure  they  pass  into  vapour  at  a  temperature  some- 
what below  that  of  212^,  when  distilled  with  water,  they  pasa 
over  at  its  boiling  point.  They  are  inflammable,  and  water 
and  carbonic  acid  are  the  results  of  their  perfect  combustioa. 
As  many  of  these  oils  bear  a  very  high  price,  they  are  not  un- 

AdaiMrtUm.  frequently 'adulterated  with  alcohol  and  fixed  oils.  The  former 
addition  is  rendered  evident  by  the  action  of  water ;  the  latter 
by  the  greasy  spot  which  they  leave  on  paper,  and  which  does 
not  evaporate  when  gently  heated. 

1884.  Nitric  and  sulphuric  acids  rapidly  decompose  the  vola- 
tile oils, 

Szp.  A  mixtnrs  of  four  parts  of  nitric,  and  one  of  tnlphnrio  aoid,  poured  into  a 

tmall  qoantitj  of  oU  of  torpentine,  produces  instant  inflammation. 

The  relative  quantity  of  estential  oils,  furnished  from  differ- 
ent materials,  is  liable  to  much  variation ;  the  products  of  1  cwt. 
of  the  different  vegetable  substances  are  given  below.* 
AfltioBorBir.  1885.  Many  of  the  essential  oils  become  changed  by  exposure 
to  air,  and  an  acid  is  formed  in  them,  which  crystallizing  in 
acicular  needles,  may  be  separated.  Oil' of  cassia  has  beea 
found  by  M.  Bizio,  to  afford  the  largest  quantity.  This  acid 
has  neither  odour  nor  taste,  is  heavier  than  water,  fuses  and 
sublimes  by  heat,  and  condenses  in  brilliant  crystals.     It  burns 


*  JoDiper-bacriM  (ooflUBM)       -      -  -'-      •  4toS 
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ip  tbe  air  with  flamoi  is  sparingly  soluble  in  cold  wtter,  more 
readily  in  boiling  water,  the  acid  crystallising  as  the  w^ter  cooU- 
It  dissolves  in  alcohol  both  at  common  and  high  temperatures. 
Hot  nitric  acid  acts  powerfully  on  it,  evolving  much  nitric 
oxide,  and  the  substance,  which  separates  when  the  solution  is 
cold,  no  longer  has  the  properties  of  the  original  acid*  Sul* 
phuric  acid  acts  still  more  powerfully. 

*  1886.  If  the  essential  oils  be  exposed  for  a  longer  time  to 
the  air,  there  occurs,  at  a  later  period  tiian  that  of  the  formation 
of  the  acid  above  described,  another  change,^^  resulting  in  the 
production  of  a  resinous  substance,  and  of  strong  acetic  aeidt  ' 

1887.  Upon  subjecting  the  essential  oils  to  a  very  low  tem- 
perature, crystals  form  in  them,  and  ultimately  a  separation  of 
them  into  two  parts  analagous  to  the  separation  of  fixed  oils  into 
■Btearine  and  elaiae.  M.  Bizio  has  called  the  most  fluid  part 
Igrusinay  and  the  solid  part  Servsina. 

1888.  Igrusina  is  fluid  at  the  lowest  artificial  temperature ;  igratbi^ 
it  dissolves  in  alcohol,  and   wholly  evaporates  when  healed. 
When  gradually  changeH  by  the  action  of  oxygen,  it  becomes 

.  denser,  and  ultimately  is  changed  into  resin  and  acetic  acid. 

1889.  Serusina,  obtained  from  the  oil.  of  roses  and  anise,  secwipi. 
is  solid  at  60^  F. ;  that  from  the  oils  of  mint,  orange,  lemoo, 

&c.  required  a  temperature  as  low  as  4^  F.  for  solidity.  It 
crystallizes  in  prismatic  needless  and  ^metimes  in  plates.  It  is 
soluble  in  alcohol.* 


Suction  XII.     Camphor. 

1890.  This  substance  in  many  respects  resembles  the  esseci-  soinUe  in  ai- 
tial  oils  ;  like  them  it  is  volatile,  inflammable,  soluble  in  alcohol,  ^^'* 
and  sparingly  soluble  in  water.    ' 

In  its  ordinary  state  it  is  white,  semi-transparent,  and  coo-  spodScgraT- 
crete.    Its  specific  gravity  ,98.     It  fuses  at  about  300^,  in  close  *^^ 
vessels.     It  dissolves  in  the  fixed  and  volatile  oils.     It  is  scarce-  AcUonofoiik 
ly  acted  apon  by  the  alkalies  \  some  of  the  acids  dissolve,  others 
decotapose  it.t 

If  mixed  with  bole  or  powdered  clay,  and  repeatedly  distil- 
led, it  is  almost  entirely  converted  into  a  liquid,' having  the 
characters  of  essential  oil. 

The  camphor  of  commerce  ia  obtained  from  the  Laurns  Cam-  xxtnetioii. 
phora^  and  comes  chiefly  from  Japan.     It  is  originally   separa- 
ted by  distillation,  and  subsiequently  purified  in  Kurope  in  a 
subliming  vessel  somewhat  of  the  shape  of  a  turnip,  from  whiQh 
the  cakes  of  camphor  derive  their  form. 


.s 
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1891.  When  eamphor  is  repeatedly  distilled  with  nitric  acid 
it  is  converted  into  camphoric  acid. 

For  this  parpoie  four  ounces  of  camphor,  reduced  to  powder  by  Iritnrating 
it  with  a  few  drops  of  spirit  of  wioe,  may  be  introduced  into  a  two^quhrt  (trtm* 
lated  retort,  placed  in  a  san^pjheat :  pour  upon  it  30  ounces  of  couioion  nitrio 
acid,  and  proc^d  to  slow  distillation.  When  two  thirds  of  the  acid  have 
passed  over,  return  it  into  the  retort  and  distill  a«  before,  repeating  the  operation 
twice  more  ;  after  which,  as  the  liquor  cools,  a  quantity  of  crystals  of  camphoric 
acid  are  deposited,  which  are  to  be  washed  and  dried. 

This  acid  assumes  the  form  of  plumose  crystals,  soluble  ia 
about  100  parts  of  water  at  60^,  and  in  rather  more  than  one 
part  of  alcohol.  Its  taste  is  acid,  and  somewhat  acrid,  and  it  has 
an  aromatic  odour.  Exposed  to  heat  it  sublimes  unaltered.  It 
combines  with  the  salifiable  bases,  constituting  a  class  of  salts 
called  Cafnphorates. 

189)2.  The  ultimate  analysis  of  camphor  has  been  performed 
by  Dr  Ure,  who  represents  its  constitution  as  follows: 


Carbon  . 
Oiygen  . 
Hydrogen 


to  atoms  . 
1  atom 
9  atoms  .  . 


•  .  •  • 


60 

8 

•9 

77 


78,0« 
10.40 
11,58 

100 
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1893.  When  a  current  of  muriatic  acid  gas  is  passed  through 
oil  of  turpentine,*  it  deposits  a  concrete'  substance,  which  has 
been  called  artificial  camphor y  and  the  weight  of  which  anjoants 
to  about  one-half  of  the  oil  employed.  When  purified  by  sub- 
limation with  a  little  quick-lime,  it  is  rendered  pure  and  white. 
It  is  lighter  than  water,  sublimes  without  decomposition,  burns 
like  camphor,  and  in  smell  resembles  a  mixture  of  camphor 
and  turpentine.!  By  the  action  of  sine  it  afibrds  chloride  of 
zinc,  and  the  oil  is  evolved  little  altered. 

1894.  Camphor  dissolves^^n  sulphuric  acid,  forming  a  brown 
solution,  from  which  it  is  at  first  precipitated,  unaltered,  by 
water.  Sulphurous  acid  is  afterwards  evolved,  the  solution  be- 
comes black  and  thick,  and,  after  some  days^  afibrds  a  brown 
coagulum  on  the  addition  of  water,  and  smells  fragrant  ^nd  pe- 
culiar. On  distilling  the  diluted  liquor,  water  and  a  yellow  oil 
pass  over,  a  little  sulphurous  acid  is  then  disengaged,  and  a 
black  matter  remains  in  the  retort,  which,  when  digested  in 
alcohol,  afibrds  a  portion  of  soluble  matter  having  some  of  the 
properties  of  artificial  tannin.j: 


SfiOTioH  XIII.  Reaina. 


1895.  Resins  are  substances  which  exude  from  many  trees, 
either  from  natural  fissures  or  artificial  woundg.     Common  resin 


*  ThoDSrd  is  of  opioion  that  no  deoompocitino  of  the  oil  of  torpontine  taket  place ;  bet  that  tha 
mnriatio  acid  muta  to  It  entire.    Ordioarj  camphori  he  suppoaes  from  analoffj,  to  be  a  oonpooad  of 
an  eenntial  oil  and  a  TCfotable  aeifL 

tTheiianl,Jlip«MrwirddlrcMn/,(Toiaii.)    t  Hatchett,  PJUI.  IV«r«.  1808. 
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is  obiaioed  by  distilling  the  exudation  of  ditferentkpeeies  of  fir; 
oil  qf  tfnyftniine  pBiises  over^  and  the  resin  remaioa  behind* 
]t  may  be  taken  as  a  perfect  example  of  resin,  and  is  possessed 
of  the  following  properlies  :  It  is  solid,  brittle,  a  little  heaTier 
than  water^  and  acquires  negative  electricity  when  rubbed.  It  ^^p*^^ 
has  scarcely  any  taste  or  smell ;  is  insoluble  in  water ;  readily, 
soluble  ia  alcohol,  which  takes  up  about  one-third  its  .weighty 
and  becomes  milky  upon  the  addition  of  water.  Resin  ia  soi»» 
bte  in  the  caustic  alkalies,  the  solutidn  is  saponaceous;  and  when 
mixed  with  itn  acid,  the  rosin  separates,  scarcely,  altered  in  ia 
properties.  Nitric,  muriatic,  and  acetic  acids  dissolve  it  with«< 
out  much  change**      • 

1896.  A  few  of  the  resins  derive  odour  from  containing  es^  saiMfra* 
sential  oil ;  some  afford  benzoic  acid  when  heated,  and  these 
have  been  termed  halaama;  copal^  mastich^  and  a  few  others^ 

.are  very  difficultly  soluble  in  alcohol,  and  contain  a  substance 
iomewhat  analogous  to  caoutchouc.  Ghuaiacum  is  characterised 
by  the  lingular  changes  of  colour,  which  its  alcoholic  solution 
suffers  when  exposed  to  the  action  of  nitric  acid-t 
.  Guaiacum  is.  also  rendered  blue  by  the  gluten  of  wheat,  but  its 
'o(^our,  is  not  changed  by  starch  ;  the  intensity  of  the  blue  colour 
is  said  to  be  proportional  to  the  quantity  of  gluten  present  in 
0our4 

1897.  There  is  a  remarkable  want  of  agreement  between  difr  obnpoiHioa.' 
ferent  statements  of  the  compoeition  of  the  same  kind  of  resin, 
arising,  probably,  froi^i  actual  differences  of  the  substance  itself. 

Dr.  tJre  states  the  following  as  the  results  of  his  analysis* 

Carbon  •  •  •  •  76»00  s:  8  atonu  ....  48 

Oxygen    .  •  .  ]2,50  ==  1  do g 

Hydrogen  .  .  1S,50  =s  8  do 8 

100  64    H.  2.S53.» 

189S.  Lae  is  a  substance  formed  by  an  insect,  and  deposited  !<••• 
on  different  species  of  trees  chiefly  in  the  East  ladies.  The 
various  kinds  of  lac  distinguished  in  commerce,  are  siiek  laCf 
which  is  the  substance  in  its  natural  state,  investing  the  small 
twigs  of  the  tree:  seed-laCf  which  is  the  same  broken  off;  Isind 
which,  when  melted,  is  called  ahell-lac.  These  substances  have 
been  examined  by  Mr  Hatchett.  Their  component  parts  are 
exhibited  below.— PAiV.  Trans.  1804.|| 


*  The  propertiot  of  th«  reains  have  beeo  very  at»ty  faiTeiUfated  by  Mr  Hatefaott,  the  detaib  of 
whoflo  reeearehoa  will  iw  fonad  in  hie  eommuaieatioim  to  ttie  Royal  Society  ^winled  in  the  PkUostfkUt^- 
Trajuaetiont  for  18M,  1805,  1806. 

tPAit  7r«M.  18J1. 

i  Taddei,  OhrntUt  dt  FincOy  i.  Iffi.    QiMrfcrl|f  Jinmiai,  tUi.  37S. 

%  For  other  reauHa,  aee  Henry  ii.  SS3. 
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SOO  Jimber. — Succinic  ^cid.  chap*  ti. 

LaeeicMid.  .189^.  Dr  Johfi  h^s  atinoonced  the  ptesenceoFa  peculiar  acid 
in  slick-Ucy  which  he  hat  called  Laccic  •^cid*  Ttje  lac  was 
digested  in  v^ater,  the  solution  evaporated,  and  the  residue  di* 
gested  in  alcohol :  the  alcoholic  solution  was  evaporated  to  dry- 
Aessy  and  its  residue  digested  in  ether.  The  evaporation  of  the 
etheric  solution  leaves  a  yellow  matter,  which,  being  again  dis- 
solved in  alcohol,  and  the  solution'  mixed  with  water  deposits  a 
Uttle  resin,  and  leaves  laccic  acid  in  solution,  which,  upon  the 
addition  of  acetate  of  lead,  gives  a  precipitate  of  laceaieoflcad; 
the  latter  compound,  by  cautrous  decomposition  by  sulphurie 
acid,  affords  the  laccic  acid.  • 

jropertiefc  1900.  Laccic  acid  is  crystallizable,  of  a  yellow  colour,  a  sour 
taste,  and  soluble  in  water,  alcohol,  and  ether.  With  potassa, 
soda,  and  lime,  it  forms  deliquescent  sbiuble  salts  ;  with  lead 
and  mercary  it  produces  white  insoluble  compounds;  it  occa^ 
•ions  no  precipitate  in  the  nitrates  of  baryta  and  silver.* 

eamSwpi.  1901.  GufH  Bejftns  uve  natural  combinations  6f  gum  and 
resin,  they  are  consequently  only  partially  soluble  in 'water  and 
in  alcohol ;  they  readily  dissolve  in  alkaline  solutions  when  as^ 
sisted  by  heat ;  and  the  acids  act  upon  them  nearly  as  upon  the 
vesins.  jlmmoniacum^  gamboge^  {ts^/dsiida^  and  olibanum^ 
may  be  taken  4i8  examples  of  gum  resins. 

Ambtr:  1902.  Amher  is  a  substance  which,  jn  some  of  its  propertiesi 

resembles  resin  ;  it  is  however,  very  sp<Aring1y  soluble  in  alco- 
hol, and  difficuhty  soluble  in  the  alkalies.  When  submitted  to 
distillation,  it  furnishes  an  acid  sublimate,  which  has  received 

%MiDi*«cid.  the  name  of  ivccinic  acid. 

To  prepare  thi*  ecid,  let  a  glaf»  retort  be  half  ftlled  wHh  powdered  anber, 
and  the  remainder  ivith  fine  dry  8ai»d.  Late  a  receiver,  aud  apply  a  gentle 
heat.  A  port/on  of  water  firiit  coiiiet  over,  which  ie«iice««ded  by  a  weak  acetic 
acid.  The  succinic  acid  then  subhiues  ;  bat  is  contaminated  by  a  mixture  of 
oil. 

1903.  It  may  be  purified  by  solution  and  crystallization  ;  and 
It  then  forms  transparent,  white,  shining  crystals,  having  the 
ibrm  of  triangular  prisms.  They  are  soluble  in  24  times  their 
^iVeiglU^of  water,  and  in  boiling  alcohol.  The  solution  reddens 
Ihe  blue  colour  of  turnsole,  but  not  that  of  Violets,  and  has  an 
icid  taste,  H. — Ten  pounds  of  amber  yield  about  3  ounces  Of 
purified  succinic  acid.t 
Aaaiysii.  BerzcUus  states  the  cam  position  of  succinic  acid  as  follows : 

Hydrogen  .  •    4,512  =  2  atoms  ....     2 

Carbon    .  .  .  47,S00  ^  4   do f4 

>Oxygen  .  .  »  47,888  =  3   do 24 

loot  50    H.  2.  255. 

«MeiBMss.  1904.  Succinic  acid  combines  with  the  alkalies,  &c.  and  forms 
succinates^  the  most  important  of  which  is  the  succinate  ofafn- 
monia.     This  salt  decomposes  all  the  solutions  of  iron  ;  and  af- 


*  Tbomion*!  System  ii.  177. 

t  Used  in  Pharmacy  nndcr  the  name  of  Oil  of  Jimkn'  and  amonntiRf  ia  weif  ht  to  about  1-3  tho 
ambor  lued.    %  jSmm,  dt  Chim,  M,  lb9. 
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forda  an  insoluble  precipitate^  eompoaed  of  aoecinate  •£  iron,  of 
a  reddish  brovvn  colour.  It  has  been  proposed  as  a  means  of 
separating  iron  in  analysis,  but  is  quite  inapplicable  in  the  great- 
er number  of  cases,  B. 

1905.  The  resins  are  applied  to  a  variety  of  useful  purposes ;  um». 
and  dissolved  in  alcohol  and  oils  they  constitute  the  different 
tHimishesj    The  most  solid  resins  yield  the  most  durable  var^  Vtraiihts. 
Dishes. 


Section  XIV.     Veg^iabh  JSlkalies. 


1906.  Ufiidief  tihih  title  isre  comprehended  those  proximate- 
Tegertable  principles^  which  are  possessed  of  alkaline  properties. 
Theexistetrce-'of  this'dass  of  Itodies  was  "discovered  by  Sertuer- 
ner^^a  German  apothecary,  who  published  an  account  of  morphia 
in  the  year  180d. 

1907.  Ail  the  vegetable  alkalies,  according  to  the  reseaches  compoMtiatB. 
of  Pelletier  and  Dumas,  consist  of  carbon,  hydrogen,  oxygen 

and  nitrogen.* 

They  are  decomposed  with  facility  by  nitric  acid  and  by  heat,  oenertu  pn- 
and  ainmotiia  is  always  one  of  the  products  of  the  destructive  '^^'**** 
distillation.  They  never  exist  in  an  insulated  state  in  the  plants 
which  contain  them  ;  but  are  apparently  in  every  case  combin- 
ed with  an  ackl,  with  which  they  form  a  salt  more  or  less  solu« 
ble  In  water.  These  alkalies  are,  for  the  most  part,  very  in- 
soluble in  water*  and  of  sparing  solubility  in  cold  alcohol ;  but 
they  are  ail. readily  dissolved  by  that  fluid  at  a  boiling  temper- 
ature, being  deposited  from  the  solution,  commonly  in  the  form 
of  crystals,  on  cooling.  Most  of  the  salts  are  far  more  soluble 
in  water  than  the  alkalies  themselyes,  and  several  of  them  are 
remarkable  for  their  solubility. 

1908.  As  the  vegetable  alkalies  agree  in  several  of  their  lead-  Metbodofob- 
ing  chemioal  properties,  the  mode  of  preparing  one  of  them  ad^  ^*^°^ 
mits  of  being  applied  with  slieht  variation  to  all.  The  general 
outline  of  the  method  is  as  foUows.-TThe  substance  containing 
the  alkaline  principle  is  digested,  or  more  commonly  macerated^ 
in  a  large  Quantity  of  water,  which  dissolves  the  salt,  the  hose 
of  which  is  the  vegetable  alkali.  On  adding  some  more  power- 
ful salifiable  base,  such  as  potassa  or  ammonia,  or  boiling  the 
solution  for  a  few  minutes  with  lime  or  pure  magnesia,  the 
yegetable  alkali  is  separated  from  its  acid,  and  being  in  that 
state  insoluble  in  water,, may,  be  collected  on  a  filter  and  washed. 
As  thus  procured,  howevei:,  U  isimpure,  retaining  some  of  the 
other  prinpiples,  such  as  tb^e  oleaginoi^s,  resinous,  or  colouring 
makers  with  wl^ich  it  is  associated  in  the  plant.  To  >purify  it 
from  these  substances,  it  should  be  mixed  with  a  little  animal 

*  i0hm  4/8 CJkifli.  n^ Ptft,  zxir. 


son 


Mofpfda. 


CIHAF.  t:i# 


Morphia. 


charcoal/ wkI  dissored  in  boUinjic  ^l^hol*  ^^^  alcoholic  sola« 
lion,  which  is  to  be  filtered  while  hot,  yields  the  purs  alkali, 
either  oa  cooling  or  by  eFaporation,  and  if  not  quite  colourless, 
it  should  again  be  subjected  to  the  action  of  alcohol  and  animal 
charcoal.  In  order  to  aVoid  the  necessity  of  employing  a  large 
quantity  of  alcohol,  the  following  modification  of  the  pro* 
cess  may  be  adopted.  The  vegetable  alkali,  ajfter  being  pre* 
cipitated  and  collected  on  a  filter,  is  made  to  unite  with  some 
acid,  such  as  the  acetic,  sulphuric,  or  muriatic,  and  the  solution 
is  boiled  with  animal  charcoal  until  the  colouring  mater  is  re- 
moved. The  alkali  is  then  precipitated  by  ammonia  or  some 
other  salifijible  baae.     T^  54S« 

1900.  Morphia — Opium  contains  several  of  the  vegetable 
principles  that  hav6  already  been  eotuTMratedi  and  a  peculiar  one 
in  which  the  narcotic  virtue  resides,. called  mMrphia*  One  of  the 
best  processes  for  preparing  pure  morphia  is  that  recommended 
by.  M,  Bobiquet.* 

The  concentrated  infusion  ofa  pound  of  opium  is  boiled  for  a  quarter  of  an 
hour  with  about  150  craint  of  pure  ma^nesU,  and  tl)«  grt^ab  OQistailioe  pre- 
cipKate,  which  consists  of  the  meconiate  of  magnesia,  morphia,  narcotine, 
c'ltourin^  matter,  and  the  excess  of  magnesia,  is  Collected  on  a  I61(er  and  edul- 
corated with  cold  water.  This  powder  is  then  digested  at  a  temperature  oT 
\tO°  or  130**  F.  in  dilute  alcobol,  wbiob  removes  the  narcotine  and  the  greater 
part  of  the  colouring  oiatter.  The  morphia  is  then  taken  up  by  concentrated 
boilirijt;  alcohol,  and  is  depo.«ited  in  crjjstiils  on  cooling. — By  thfs  process  half  a 
pound  of  rery  plire  opium  a/Tords  three  drachms  and  a  half  of  morphia. 

Dr  Thomson  proposes  to  precipitate  the  morphia  by  ammonia, 
and  to  purify  it  by  solution  in  acetic  aCid  and  digestion  with 
animal  charcoal.t  The  animal  charcoal  should  be  deprived  of 
phosphate  of  lime  by  muriatic  acid  before  being  used.l 

1910.  Pure  morphia  is  white,  and  crystallizes  readily  in  small 
rectangular  prisms  of  a  brilliant  lustre.  It  is  almost  wholly  in* 
soluble  in  cold,  and  to  a  very  small  extent  in  hot  water.  It  is 
soluble  in  strong  alcohol,  especially  by  the  aid  of  heat.  In  its 
pure  state  it  has  scarcely  any  taste  ;  but  when  rendered  soluble 
by  combining  with  an  acid,  or  by  solution  in  alcohol,  it  is  in- 
tensely bitter.  It  has  an  alkaline  reaction,  and  combines  with 
acid,  forming  neutral  salts,  which  are  far  more  soluble  in  water 
than  morphia  itself,  and  for  the  most  part  are  capable  of  crys- 
tallizing. ^ 

1911.  Strong  nitric  acid  decomposes  morphia,  forming  a  red 
solution,  which  by  the  continued  action  of  the  acid  acquires  a 
yellow  colour,  and  is  ultimately  converted  into  oxalic  acid. 

AotioDoiiUw  1912.  When  pure,  morphia  owing  to  its  insolubility,  is  almost 
ajttem.  inert;  in  a  state  of  solution,  oji  the  contrary,  it  acts  on  the  animal 
system  with  great  energy,  Sertuerner  having  noticed  alarming 
symptoms  from  so  small  a  quantity  as  half  a  grain.  From  this  it 
it  appears  to  follow,  that  the  effects  of  an  over  dose  of  a  salt  of 
morphia  may  be  prevented  by  giving  a  dilute  solution  of  ammo- 


Action  of 

nitric  acid. 


*  Ann.  it  Ckim*  tt  dt  Pkift^  ▼.  t  -9%%,  PMZM.XT. 

X  For  a  method  of  extnctinf  mofpliia  firom  4ry  po|v»y  beads  tm  Quart.  /#ar.  N.  8.  tii.  SIS. 
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nHiyOr  aft  dkallne  carboDfttc^  to  as  to  precipitate  the  Vegetable 
atkali. 

1913.  When  carefully  administered,  morphia  may  be  emplo}'- Uses 
ed  very  advantageously  in  the  practice  of  medicin^y  since,  ac- 
cording to  Magendie,  it  produces  the  soothing  effects  of  opium, 
without  causing  the  feverish  excitement,  heat  and  headach,  which 

so  frequently  accompany  the  employment  of  that  drug.  The 
best  mode  of  exhibiting  it,  is  in  the  form  of  the  acetate  of  mor- 
phia, a  salt  which  is  very  soluble  in  water,  and  crystallizes  in 
divergent  prisms  by  evaporation.* 

1914.  The  composition  of  morphia  has  been  stated  differently 
by  different  chemists,  as  will  appear  from  the  following  num- 
l)ers. 


Carbon     •  .  .  7e,0«  •  .  69,0  '.  .  72,0  .,  .  44,71 

Oxjii^ea    .  .  «  14,84  .  .  20,0  .  ^  17,0  .  .  4»,69 

Hydrogen  .  .  7«6l  .  .  6,5  .  .  5,5  .  .  5,59 

Nitrogen  .  .  5,53  .  .  4,5  .  .  5,5  .  .  0,06 


AttalyiiM 


ioo,t  100,^         icK),«         loo,! 

1915.  Meconie  Jicid. — In  opium,  morphia  is  combined  with 
a  peculiar  acid,  whiph  has  been  called  meconie  acid,ir  and  was 
procured  by  M,  Robiquet  fram  the  magoesian  precipitate  above 
mentioned,  after  the  morphia  had  been  separated  from  it.     , 

The  following  procets  is  said  to  afford  pure  meconie  acid:  Boil  infusion  ^f  Vmobnfvt 
opium  with  magnesia,  and  digest  the  precipitate  in  alcohol ;  mtconiatt  of  mag*  itrepwinf  * 
iU9ia  remains;  dissolye  this  in  dilute  sulphuric  acid,  and  add  luiirmfe  of  baryta, 
a  precipitate  falls,  coaoposed  of  sulphate  and  meconuz/e  of  baryta  ;  digest  this 
in  dilate  sulphuric  acid,  which  decomposes  the  meconiale't  filter  and  evaporate, 
till  brown  crystals  of  impure  meconie  acid  are  deposited ;  dry  there  cry^tHlf, 
and  then  beat  them  carefully  in  a  retort,  to  sublime  the  loeconic  acid.  White 
crystals  are  thus  obtained,  which  fuse  at  250*^,  and  suhliiue  without  decom- 
position ;  they  are  sour,  and  very  soluble  in  water  and  alcohol. 

Dr  Hare  has  given  the  following  process  :**  l*o*an  aqueous  infu«ion  of  opium  |^  Harv's.  ^ 
add  sub-acetate  of  lead,  collect  the  meconiate  of  lead  by  a  filter,  and  expose 
it  to  sulphuretted  hydrogen ;  the  meconie  acid  will  be  set  free.  The  solution 
is  of  a  reddish  amber  colour,  and  furnishes,  hy  evaporotioo,  crystal?  of  the 
same  hue.  Instead  of  sulphuretted  hydrogen,  sulphuric  acid  may  be  used  to 
liberate  the  meconie  acid.tt 

1916,  Meconie  acid  has  a  sour,  followed  by  a  bitter  taste,  PropertieB. 
reddens  litmus  paper,  and  is  very  soluble  both  in  water  and 
alcohol.     It  is  characterized  by  giving  a  red  colour  to  a  salt  of 

the  peroxide  of  iron,  and  communicates  an  emerald  green  tint 
to  the  sulphate  of  copper. 

Dr  Hare  has  founded  a  process  for  detecting  minute  quantities  Dt-taetion  or 
of  opium  in  solution|  on  the  property  ^hich  meconie  acid  has  of  llft'io.V*^ 
precipitating  with  lead.     It  consists  in  precipitating  the  meconie  *^* 
acid  with  acetate  of  lead,  the  meconie  acid  is  liberated  from  the 
'■■'■'      ■»— »..^— — — ^1^— ^i^»  I       I  »  I    II     III.  — .,—  . .         ■  »^—        »« 

*  Tinotaras  of  opiom,  it  Is  obserw^  bj  Sertueroer,  «boiii(l  bv  preparod  wiUi  pur«  aleobol|  aiwl  kepi 
in  a  place  which  is  not  Tcry  oold ;  lor  a  low  temporatiue  ptucipiiatci  morpbta.  The  additon  of  a  Ut- 
ile acedc  acid  prevents  this  iocoDT«m«nce.    H. 

t  Pelletier  and  Domsa.  }  BoMy.  $  Branda.  11  Thomaoa. 

f  FroBB  Mmm  PV^ntr.  **  ^mer,  Jew.  xii.  S93. 

t  f  For  a  fuJl  aeoount  of  opian,  its  eoostitaent  principles,  Jtc  see  a  paper  bj  Mr  Caritentorin  .iiaer. 
Ziii.17. 
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NareoUna. 


Frooe«  for 


kad  by  sulphuretted  bydrogeu  or  sulphuric  a<si4>  to  whish  add 
a  solution  of  the  sulphate  of  iron,  which  produces  a  striking  red 
colour.  Dr  Hare  observes^  that  a  quaotity  of  opium,  not  ex- 
ceeding ten  drops  of  laudanum  may  be  detected  in  a  half  gallon 
of  water. 

Maeonitte  of     1917.  Mcconiate  of  MoTphta  may  be  obtained  by  the  fol- 

morphia.       lowing  procoss* 

Reduce  good  opiorn  to  powder,  put  it  upon  s  paper  filter,  add  dUtiiled  water 
to  It,  aod  slightly  agitate  it ;  ia  this  way  vuh  it  till  the  water  pastes  throuf^h 
colourless ;  then  pats  a  little  diluted  alcohol  through  it ;  dry  the  insoluble 
portion  in  a  dark  place  ;  digest  it  id  strong  alcohol  for  a  few  minutes,  applying 
beat ;  separate  the  eolution^  which,  by  cooling  and  subtfM|uent  evaporatioot  wiU 
yield  the  cryttaJIived  meconiaia  of  a  pale  atraw  colonr.* 

1918.  Nareotine. — ^This  substance^  though  not  regarded  as  a 
vegetable  alkali,  may  ba  noticed  in  this  connection.  It  was 
described  in  1803  by  Derosne,  and  was  long  known  by  the  name 
of  the  Salt  of  Derosne;  M.  Robiquet  proved  that  it  is  a  distinct 
principle,  and  applied  to  it  the  name  of  ndrcotine.  It  may  be 
obtained  pure  by  the  following  process  of  Mr  Cjirpenter.t 

Digest  one  ounce  of  coarsely  powdered  opium  in  one  pint  of  ether  for  ten4ayi, 
frequently  tubinitting  it  to  ebullition  in  a  water  bath  ;  separate  the  ether,  and 
add  fresli  portions,  until  the  opium  it  exhausted ;  evaporate  at  the  common 
temperature  of  the  atmosphere,  by  placing  the  ethereal  solution  in  a  salt  monlfi 
bottle,  remove  the  sjLopper,  and  o^ver  the  moiitfa  with  bibulous  paper^  io  pre- 
Tent  impurities  falling  in,  and  protract  the  degree  of  evaporation ;  at  the  ether 
it  reduced,  it  leavet  the  cidei  of  the  bottle  coated  with  crystals  of  narcotlne ; 
at  the  tolution  bedomes  more  deote  the  crystals  enlarge  and  accumulate,  and 
the  bottom  of  the  vetsel  is  covered  with  large  transparent  crystals,  accompa* 
liied  with  a  brown  viscid  liquor  and  extract,  which  contains  an  acid,  retin^ 
caoutchouc.  See. ;  separate  these  subttances  from  the  crystalline  mass,  and 
wa»h  the  salt  in  successive  portions  of  cold. ether,  to  remove  the  extract.  After 
the  crystals  have  been  sufficiently  washed,  dissolve  them  in  warm  ether  and 
evaporate  slowly  as  before,  when  most  beautiful  snow  white  crystals  of  per- 
fectly pure  narcotine  'will  ac^here  to  the  sides  of  the  vessel ;  thote  on  the  sides 
of  the  bottle  assume  plumose  and  arborescent  form^,  which  being  made  ap  of 
delicate  aeicular  crystals  of  a  silky  lustre,  possess  a  most  beautiful  appearance. 
As  the  ethereal  solution  becomes  more  dense  by  a  concentration  of  the  narco- 
tine, the  crystals  enlarge,  and  the  bottom  of  the  vessel,  as  before,  is  covered 
with  perfectly  .pure  narcotine,  assuming  the  rhoniboidal  prismatic  form,  with 
acme  beautiful  modiBcations  of  macled  crystals ;  the  crystals  at  the  bottom  and 
tides  approaching  the  bottom,  ar6  perfectliy  ttansparent,  wiiUe  the  most  minute 
at  the  top  are  opaque  being  snow  white.  By  picking  out  the  largest  and  most 
regular  crystals,  and  again  dissolving  them  and  evaporating  and  repenting  the 
same  process,  each  time  selecting  the  largest  and  best  crystals,  perfect  crystals 
one-oighth  of  an  inch  in  diameter  may  be  obtained,  f 

1919.  Pure  narcotine  is  insoluble  in  cold  and  very  slightly 
soluble  in  hot  water.  It  dissolves  in  oil,  ether,  and  alcohol,  the 
latter  though  diluted  acting  as  a  solvent  for  it  by  the  aid  of 
heat.  It  does  not  possess  alkaline  properties,  though  it  is  ren- 
dered soluble  in  water  by  means  of  an  acid.§ 

1920.  jS/rycAnttf.— M.  M.  Pelletier  and  Caventou,  in  analyz- 
ing the  bean  of  Si.  Ignatius  {Stryehnos  Ignatia)^  and  the 
vomica  nut  {Stryehnos  nux  vomica)^  discovered  in  them  a 


FroperUet. 


Stiyehaia. 


*  Qicort.  Jtfiir.  f  Jlnner.  Jour.  ziH.  37.  i  Ihid.  p.  97. 

^  The  unpleataat  itimulatniif  propertiet  of  opium  are  attributsd  to  the  preaeoee  of  oarcoune  ;  mtA 
Br  Hara  has  giTan  a  process  for  preparing  denareotisad  laodaaom  ia  Jfwt$r,  Jgmr*  zii.  991. 
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peculiar  principle,  which  they  have  termed  Sirychniney  and 
whichy  like  morphia,  possesses  alkaline  properties.  The  follow-* 
ing  is  their  process  for  obtaining  it : 

\Ay:e%\  the  raspings  of  the  bean  m  lulphnnc  efher,  which  separates  a  screen  Howobtciir- 
oily  fluid  ;  pour  this  off,  and  treat  the  residuum  with  alcoho] ;  filler  the  latter  ^* 
•uhilioit  wheD  cold,  and  evaporate  ;  it  leaves  a  browQ  bitter  substance,  solable 
in  water  and  alcohol ;  to  its  strong  aqueous  solution  add  a  solution  of  potassa, 
which  causes  a  precipitate,  which,  when  washed  with  a  little  cold  water,  is 
white,  crystalline  and  very  bitter.  If  not  quite  pure,  it  May  be  rendered  so  by 
solution  in  acetio  aoid,  and  precipitation  by  potassa. 

1921.  Strychnine,  or  Slrychnia^  is  nearly  insoluble  in  ivater ;  Propertiii. 
it  dissolves  in  alcohol,  and  the  solutions  are  intensely  bitter  and 
podsoDOus.  It  reproduces  the  blue  of  vegetable  colours  reddened 
by  acids.  It  crystallizes  in  small  quadrangular  prisms  ;  it  has 
no  smell ;  is  neither  fusible  nor  volatile,  and  is  composed  of 
6,38  oxygen,  6,64  hydrogen,  78^!^  carbon,  and  8^92  nitro- 
gen.* 

192d.  The  discoverers  of  strychnia  assert  that  it  exists  in  the 
above-mentioned  seeds,  combined  with  a  peculiar  acid,  some- 
what resembling  the  malic,  hat  susceptible  of  cryAallizalion  ; 
they  have  called  it  Iga^uric  tdcidj  and  the  poisonoiis  principle 
existing  in  tiie  seeds,  appears  to  be  an  igasuraie  of  strychnia. 

1923.  Brucia. — ^This  term  has  been  applied  to  a  peculiar  Braeis. 
alkaline  substance,  obtained  from  Angustura  bark,  by  the  above<* 
named  chemists.     Its  properties,  as  far  as  they  have  been  inves- 
tigated, are  described  in  the  Jlnnales  de  C/iirniej  (xii.  p.  113.) 

and  in  the  Quarterly  Journal  of  Science  and  the  Arts^  (ix. 
189.) 

1924.  Delphia  is  an  alkaline  principle,  discovered  by  MM.  Dciphit. 
Lassaigne  and  Feneulle  in  the  seeds  of  stavesacre  {Delphinium 
Stapkysagria).     It  possesses  the  general  characters  of  the 
vegetable  alkalies.t 

1905.  Picrotoanc-^The  bitter  poisonous  principle  of  the  Coe-  picrotoisa* 
cuius  indicus  was  discovered  in  1819  by  M.  Boullay,  who  gave 
it  the  name  o[ picrotoxine.  Its  claim  to  the  title  of  a  vegetable  . 
alkali,  has  been  called  in  question  by  M.  Gasaseca,  from  whose 
remarks  it  seems  that  picrotoxia  has  no  alkaline  reaction,  and 
does  not  neutralize  acidity.  It  combines,  however,  with  acids, 
and  with  the  acetic  and  nitric  acids  forms  crystallizable  com- 
pounds. It  appears,  also,  that  the  menispermic  acid,  supposed 
by  M.  Boullay  to  be  united,  in  the  cocculus  indicus  with  picro- 
toxia, is  merely  a  mixture  of  the  sulphuric  and  malic  acids.:^ 


*  The  StUU  qf  SlrJfehni^^  art  deeomposad  by  potasia,  loda,  ammonia,  baryta,  stronda,  and  g^jt,  ^f 
Bagneaia,  the  boae  boiof  thrown  down ;  moft  of  the  other  metollie  lalti  are  decompofed  by  strychnia,^ 
aad  with  aomo  it  forma  triple  lahi. 

SWjplate  •/  Sttfehua  ftinm  toUe  cryitali,  aolabla  ia  aboat  10  parts  of  water  at  GO* ;  it*  taate  ia  Solphata. 
Mttar,  and  it  ia  deoowpaead  by  the  alkalta^    It  eooiiaU  of  aolpfaotic  acid  9,5fltiycfaaia  90,5« 

JVTCr«te  itf  StryekmU  ^i  formed  by  dignling  e^ceai  of  itrychnia  in  very  dilute  nitric  acid ;  it  yields  Nitratt. 
alaUated  (tfyalala,  which  aoqairo  a  red  colour  by  the  action  of  eulphnrie  aoid.    Nitric  acid  poared 
npoB  strychnia  or  iti  sidta  prodaeea  a  doep  nd  colov.  * 

tAilMite<9CMRfaelJfty#.ilkaiS.  t  Sikt^  Jmr- tf  M^  *» 
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1926.  Solania, — The  active  principle  of  the  solanutn  dttl^ 
eamara  or  woody  nightshade,  was  procured  in  a  pure  state  by 
Desfosses.     It  has  distinct  alkaline  properties.* 

M.  Peschier  has  discovered  an  acid  in  the  solanum  nigrum^ 
which  he  has  called  solanic  acid^  combined  with  solania  t 

1927.  Cohia  is  the  active  principle  of  Hemlock^  cotiium 
tnacculafum. 

It  19  obtained  by  difetting  the  fratb  plant  for  teveral  daja  in  alcobol,  fiUering^ 
and  ifTaporatin^  the  liquid,  DiiiinK  the  re»idiie  iriih  water,  and  acting  either  bj 
alumina,  a)agne»ia,  or  the  onide  of  lead ;  the  whole  is  then  to  be  evaponited  to 
drjnesff  and  the  tub-tance  obtained  acted  npon  by  a  mixture  of  alcohol  and 
aliier;  the  solution  being  eraporated,  yields  Conia, 

Its  aqueous  solution  forms  an  abundant  red  precipitate  with 
tincture  of  iodine.  Half  a  grain  of  it  will  kill  a  rabbit,  the 
symptoms  being  the  same  as  those  produced  by  strychnia.^ 

1928.  Corydalin  is  a  new  alkali  discovered  by  M.  Wacken- 
roder,  in  the  root  of  the  fumitory, yiimarta  cavoy  and  corydalis 
tuberosa  of  Decandolle.  It  is  soluble  in  alcohol,  and  crystal- 
lizes in  prisms.  It  forms  extremely  bitter  salts  with  acids. 
Tannin  is  one  of  the  most  sensible  tests  of  corydallin  ;  the  pre- 
cipitate is  white  when  the  sulution  is  dilute,  and  grayish  yellow 
if  concentrated. § 

1929.  Piperine  is  the  active  principle  of  black  pepper,  aind 
may  be  obtained  from  an  ethereal  solution  in  straw  coloured 
prismatic  crystals. || 


llow  diridcd. 


Section  XV.    BilumenSy  Coaly  fyc. 

1930.  Though  bitumens,  on  account  of  their  origin,  are,  with 
more  propriety,  classed  among  mineral  substances  \  yet,  in 
chemical  properties,  they  are  more  closely  iillied  to  the  pro- 
ducts of  the  vegetable  kingdom.  Like  vegetable  substances  in 
general,  they  burn  in  the  open  air,  and  with  a  degree  of  bright- 
Bess  that  surpasses  even  that  of  resins.  By  distillation  ptr.  se, 
they  yield  a  weak  acetic  acid,  an  empyreumatic  oil,  some 
ammonia,  and  a  considerable  quantity  of  carburetted  hydrogen 
gas,  with  occasionally  a  small  proportion  of  carbonic  acid  and 
sulphuretted  hydrogen.  They  are  neither  soluble  in  water  nor 
in  alcohol,  and  in  the  latter  respect  they  differ  from  resin. 
There  can  be  little  doubt  that  they  have  been  formed  originally 
by  the  decomposition  of  vegetables. 

1931.  The  bitumens  have  been  divided  into  liquid  and  solid. 
Formerly  it  was  supposed  that  the  liquid  bitumens  had  beea 
derived,  by  a  sort  of  natural  distillation,  from  the  solid  ;  but 
Mr  Hatchett  has  rendered  it  more  probable,  that  the  solid 
bitumens  result  from  the  consolidation  of  the  fluid  ones. 

*  Jour,  de  Pharm.  wu  and  ni*  t  QuarL  Jwr.  N.  S.  t.  2i7. 

\  BulL  V%»o.  c.  xti.  1&S  %  PkOo:  Mag*  4^  u  ISt. 

II  See  R  pMooi  for  obcaiainf ,  aad  raaarks  on  the  osa  of  this  substaiMSy  by  Hi  Caipeatar  la  ^mttr. 
JS»«r.  xUi.  980. 
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The  bitaminoQS  substances  are  Naphtha,  Petroleum,  Mineral 
Tar,  Mineral  Pitch,  Asphaltum,  Jet,  Pit-Coal,  Bituminous  wood, 
Turf,  and  Peat.  To  these,  some  writers  have  added  Amber 
and  the  Honey-Stone. 

a.  Naphtha  is  a  pungent,  odoriferous,  oily  liquid,  either  col-  Kapktiiiu 
ourless  or  of  a  pale  brown  tint,  found  upon  the  borders  of  the 
Caspian  Sea,  and  in  certain  springs  in  Italy.  It  is  considerably 
lighter  than  water,  volatile,  and  highly  ^  inflammable.  When 
pure  it  appears  to  contain  no  oxygen,  and  hence  is  employed 
for  the  preservation  of  potassium,  and  the  other  highly  ozidable 
metals*     It  consists,  according  to  Saussure,  of 

Carbon. 87,21  Analyti*.' 

Hjdrogen 12,79 


This  would  indicate 

6  atoms  of  carbon    .    •    •    •    36    . 
5     i«      M  hydrogen     .    •    •      5    .    , 

100, 

•     •     «     88 
.     .    .     12 

^  41  100 

Dr  lire's  analysis  would  give  20  atoms  of  olefiant  gas,-f- 1  of  NaphthafiiM. 
carbonic  oxide -f- 1  of  free  carbon.     H.  2.  316. 

1932.  Naphthaline, — This  substance,  is  one  of  the  products 
of  the  decomposition  of  coal.  If  the' distillation  be  conducted 
at  a  very  gentle  heat,  naphtha  from  its  greater  volatility,  first 
passes  over,  and  afterwards  naphthaline  rises  in  vapour,  and  con* 
denses  in  the  neck  of  the  retort  as  a  white  crystalline  solid.* 

Pure  naphthaline  is  heavier  than  water,  has  a  pungent  aromatic 
taste,  and  a  peculiar  odour  not  unlike  that  of  the  narcissus.  It 
is  smooth  and  unctuous  to  the  touch,  is  perfectly  white,  and  has 
a  silvery  lustre.  It  fuses  at  180^  F.  volatilizes  slowly  at  com- 
mon  temperatures,  and  boils  at  410^  F.  It  is  not  very  readily 
inflamed,  but  when  set  on  fire  it  burns  rapidly,  and  emits  a 
large  quantity  of  smoke.  It  is  insoluble  in  cold,  and  dissolves 
very  sparingly  in  hot  water.  Its  proper  solvents  are  alcohol 
and  ether. 

Sulphuric  acid  enters  into  direct  combination  with  naphtha- 
line, and  forms  a  new  and  peculiar  acid,  which  Mr  Faraday  has 
described  under  the  name  of  sulpho-naphthalic  acidA 

Naphthaline  according' to  ^Dr  Thomson  is  a  sesquicarburet  qf 
hydrogen^  that  is,  a  compound  of  9  or  an  atom  and  a  half  of 
carbon  and  I  atom  of  hydrogen.]: 

4.  Petroleum  has  most  of  the  properties  of  naphtha,  but  is  Pet«>i«««* 
less  fluid,  and   dark^  coloured.     In  the  countries  where  it 
abounds,  it  is  employed  for  burning  in  lamps. 

e.  Mineral  Tar  appears  to  be  petroleum  further  inspissated. 
It  is  more  viscid,  and  of  a  deeper  colour. 

d.  Maltha^  or   Mineral  Pitchy  is  a  soft  inflammable  sub-  Mait^a. 
stance,  heavier  than  water,  and  may  be  considered  as  derived 
from  the  exsiccation  of  mineral  tar. 

•  Kid  in  fUlM.  Trtau.  WH,  1  Md.  ISM.  1  Fir»t  Prifuifln.  i.  156. 
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Aiphaitaa.        ^«  JStsphaltum  18  found  abundantly  on  the  shores  of  the  Dead 

Sea^  in  Albania,  and  in  the  island  of  Trinidad.     Its  colour  is 

brown  or  black ;  it  is  heavier  than  water,  and  readily  soluble  in 

naphtha. 
Eiutiouta-)     f.  Elastic  Biiumenf  or  Mineral  Caoutefumej  is  found  in 
****  the  vicinity  of  Castleton,  Eng.  and  at  Southbury  in  the  state 

of  Connecticut.*     It  is  fusible  and  inflammable. 
g.  MineralJidipocere  is  a  fatty  matter  found  in  the  argil*- 

laceous  iron  ore  of  Merthyr :  it  is  fusible  at  about  160^,  and 

inodorous  when  cold,  but  of  a  slight  bituminous  odour  whea 

heated,  or  after  fusion. 

The  above  substances  are. insoluble  in  water,  and  difficultly 

soluble  in  alcohol,  with  the  exception  of  naphtha  and  petroleum^ 

which  are  soluble  in  highly  rectified  alcohol. 
aetiBuphai-       A.  Beiinasphalium  is  a  substance  which,  accompanies  the 
**^  Bovey  Coal  of  ^vonshire.      It  was  first  analyzed   by  Mr 

Hatchett,  who  fiund  it  to  consist  of 

55  EesiQ. 
41  Atphaltam. 
4  Eartbjr  matter  and  low. 

fit  CotL  t.  Pit  coal. — There  are  three  chemical  varieties  of  this  im- 

portant substance.  The  first,  or  brown  coal,  retains  some 
remains  of  the  vegetables  from  which  it  has  originated.  When 
heated  it  exhales  a  bituminous  odour,  and  burns  with  a  clear 
flame.  It  is  generally  of  a  tough  consistency,  and  yields  accord* 
ing  to  Mr  Hatchett,  a  portion  of  unaltered  vegetable  extract^ 
and  resin. 

The  second  variety,  or  black  coal,  is  the  ordinary  fuel  of 
Great  Britain.  It  exhibits  no  traces  of  vegetable  origin,  and 
consists  principally  of  bitumen  and  charcoal,' in  variable  proper* 
tions.  When  exposed  to  heat,  it  swells,  softens,  and  burns 
with  a  bright  flame,  leaving  a  small  quantity  of  ashes*  Many 
varieties,  however,  abound  in  earthy  matter,  and  these  produce 
copious  cinders,  and  burn  with  a  less  intense  heat. 

The  products  of  the  destructive  distillation  of  this  kind  of 
eoal  have  been  already  described.  The  residue  is  a  hard  sono- 
rous charcoal,  termed  coke,  and  containing  the  earthy  ingredi* 
ents  of  the  coal. 

The  third  variety,  glance  coal  or  anthraeite^  consists  almost 
entirely  of  charcoal,  and  earthy  matter. 

It  usually  burns  with  little  flamet  and  when  submitted  to  di#* 
tillation  yields  no  tar,  and  a  sort  of  carburetted  hydrogen  gas. 
r«at  A*  Peat  and  TVi^y*  consist  principally  of  the  remains  of  vege- 

tables, having  undergone  comparatively  little  change^  They 
often  contain  bituminous  wood,  and  branches  and  trunks  of 

trees, 
luifiit.  /.  MellitCy  or  HoneystonCj  is  a  rare  substance,  found  in  the 

bi^wn  coal  of  Thuringia  and  in  Switzerland.    It  is  of  a  honey 


*  JhiuT.  Jour,  Ti.  370. 

t  Bon*  of  tho  aatbca«iM  of  Uui  cointiy  buini  «hli  (^nidarable  lltae,  aae  Jtm«r»  Jmr,  i.  SML 
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yellow  colour^  crystallized  in  octoedfa,  and  when  analyzed  by 
Klaproth,  was  found  to  consist  of  alumina  combined  with  H 
peculiar  body  which  has  been  called  the  tnellitic  add** 


Section  XVI.     Vegelahk  Acids. 

1933.  The  following  are  the  principal  acids^  which  are  found 
ready  formed  in  vegetable  products  :* 

!•  Tartaric  acid.  4.  Malic  acid. 

2.  Oxalic  acid.'  5.  Gallic  acid. 

3.  Citric  acid.  6.  Benzoic  acid. 


« 


i.  Tartaric  Acid. 


1934.  This  acid  exists  in  several  vegt^table  substances ;  it  is  Boareei. 
one  of  the  sour  principles  of  many  fruits,  and  is  said  to  be 
abnndant  in  the  potato-applet     Tartaric  acid  is  generally  obtain- 
ed from  the  bi-tariraie  o/poiassa,  {purified  cream  of  tartar.) 

Mix  100  parts  of  thit  salt  in  fine  powder  with  30  of  powdered  chalk,  and  Mode  of  o^ 
gradoally  throw  the  mixture  into  10  tinea  its  weiichtof  boiling  water:  when  taiiuDf. 
the  liquor  baa  cooled,  pour  the  whole  upon  a  liiien  atrainer,  and  wa^h  the 
white  powder  which  remains  with  cold  waters  this  is  a  tarlratt  of  lime  ;  difliisc 
it  through  a  sufficieDt  quantity  of  water^  add  sulphurio  acid  eqiinl  in  weight  to 
the  chaJk  employed,  and  occasionally  stir  the  mixture  during  24  hours ;  then 
filter,  and  carefully  evaporate  the  liquor  to  about  ose'fourlh  its  original  bulk  ;' 
filter  again,  and  evaporate  with  much  care  nearly  to  dryness;  re-dis^olve  the 
dry  mass  in  about  6  times  its  weight  of  water,  render  it  clear  by  filtration, 
•vaporate  slowly  to  the  conaistoney  of  nmp,  and  set  aside  to  crystallite. 

By  two  or  three  successive  solutions  and  crystallizations^ 
tartaric  acid  will  be  obtained  id  colourless  crystals,  soluble  in 
6  parts  of  water  at  60^.  Their  primary  form  is  an  oblique 
rhombic  prism.t 

1935.  The  crystals  melt  at  a  heat  a  little  exceeding  212^  into  propertiM. 
a  fluid  which  boils  at  250^  and  leaves  a  semi-transparent  mass 

on  coolingy  slightly  attractive  of  moisture  from  the  air,  though 
the  original  crystals  were  not  deliquescent*  The  dry  acid  con- 
sists of 

4  Carbon 6X^3=  24)     .  Analjrsil. 

5  Oxygen  •    • 8x5s  40  V66 

2  Hydrogen ^^.2)      Berselius, 

The  crystals  contain  1  proportion  of  water. 

The  aqueous  solution  of  tartaric,  in  common  with  the  other 
vegetable  acids^  soon  becomes  mouldy,  and  suffers  decomposi- 
tion. 

'  1936.  When  tartaric  acid  is  submitted  to  destructive  distilla-  pyrotenarie 
tion,  it  affords  a  brown  acid   liquor  which  has  been  termed  «<:^<*- 
pyrotartaric  acid. 


^ 


*  Klaprotb'i  EauegM^  ii.  80.    Va«<iMliii,  Jimalig  4§  Otwis  xxxti.  803k 
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ebaraetMof  19S7.  Tartaric  acid  is  remarkable  for  its  tendency  to  form 
tkvuftratw.  double  salts,  the  properties  of  which  are  often  more  interesting 
than  those  of  the  aimple  salts.  The  most  important  of  these 
double  salts,  are  the  tartrate  of  potassa  and  soda,  and  the  tar- 
trate of  antimony  and  potassa.  The  neutral  tartrates  of  the 
alkalies,  of  magnesia  and  copper,  are  soluble  in  water ;  but 
most  of  the  tartrates  of  the  other  bases,  and  especially  those 
of  lime,  baryta,  strontia,  and  lead  are  insoluble.  All  these 
neutral  tartrates,  however,  which  are  insoluble  in  pure  water, 
are  soluble  in  an  excess  of  their  acid.  They  are  decomposed 
by  digestion  in  carbonate  of  potassa,  and  when  an  acid  is  added 
in  excess,  the  bi-tartrate  of  potassa  is  precipitated.  All  the 
insoluble  tartrates  are  easily  procured  from  the  neutral  tartrate 
of  potassa  by  way  of  double  decomposition.  T. 
Tftrtnteof  1938.  Tartrate  of  Potassa^  (formerly  soluble  tartar)  is 
poiuM.  formed  by  saturating  the  excess  of  acid  in  tartar^  by  potassa. 
According  to  Mr  Richard  Phillips,*  100  parts  of  tartar  require 
43,5  of  sub-carbonate  of  potassa.  The  resulting  salt  is  soluble 
in  less  than  twice  its  weight  of  water;  it  forms  large  crystals, 
the  primary  form  of  which  is  a  right  oblique  angled  prism.t 
These  contain  2  atoms  of  water :  when  anhydrous  it  consists  of 

1  proportional  acid 3=  66. 

1     •     .     .     .     potaasa •     •    ass  4S. 

Tartrate  of  potatta as  1 14. 

This  salt  is  used  in  pharmacy  as  an  aperient;  it  is  the/70/ir^ 
9m  tartras  of  the  Pharmacoposia.      Its  taste  is  saline,  and 
somewhat  bitter. 
B«urtraie,or      1939.  Bt-tartrotej  Of  Supertartrate  qf  potassa.     Tartar. 
«rQd«tmrur.   f^jg  substauce  cxists  lu  Considerable  abundance  in  the  juice  of 
the  grape,  and  is  deposited  in  wine  casks,  in  the  form  of  a  crys* 
tallized   incrustation  ;   called  ars^ol  or  crude    tartar.     It  is 
purified  by  solution  and  crystallization,  which  renders  it  per- 
fectly white :  when  in  fine  powder  it  is  termed  cream  qf  tartar. 
It  may  also  be  formed  by  adding  excess  of  tartaric  acid  to  a 
solution  of  potassa.     The  mixture  presently  deposits  crystal- 
line grains,  and  furnishes  a  striking  example  of  the  diminution 
TartRric  acid  of  solubility  by  increase  of  acid  in  the  salt.     Upon  this  circum- 
n,  Stance  the  use  of  tartaric  acid  as  a  test  for  potassa  depends, 

for  soda  forms  an  easily  soluble  supertartrate  and  consequently 
affords  no  precipitate. 
Bi-tartrate  of  potassa  is  composed  of 

ft  proportionals  of  acid,  I  proportional  of  potaMa. 

r»ntm'tii>  wa-      1940.  lo  the  bi-tartrate,  is  also  found  a  quantity  of  water 
^'  which  appears  essential  to  the  constitution  of  the. salt;  for  it 

cannot  be  separated  by  heat,  without   decomposing  the  acid. 

Its  proportion  is  2  atoms* 

Bi-tartrate  of  potassa,  it  is  observed  by  Gay-Lussac,j:  acts,  ia 

many  cases,  like  a  simple  acid,  and  eren  dissolves  oxides  that 

*  RemmrkM  w  tM9  Pharmoeapm*.  t  BMokeiBdffaa.  PjUm.  vii.  Ml. 

tJhin,  d*  Ckim  0L  Fk^t.  iu.  981. 
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are  insoluUe  in  the  mineral  acids  and  in  the  tartaric  acid.  He 
proposes  its  use,  therefore,  in  mineral  analysis.     H. 

1941.  When  exposed  to  heat,  tartar  fuses,  blackens,  and  is  ^y  ^ 
decomposed  :  and  carbonate  of  potassa  is  tlie  remaining  result. 
Provided  the  tartar  be  free  from  lime,  which  however  is  sel- 
dom the  case,  this  furnishes  a  ^ood  process  for  obtaining  pure 
carbonate  of  potassa.  The  aqueous  solution  of  tartar  becomes 
mouldy  when  exposed  to  air,  and  ihe  tartaric  acid  being  entirely 
decomposed  leaves  a  weak  solution  of  carbonate  of  potassa. 

The  component  parts  of  tartar  render  it  an  excellent  flux  in 
the  reduction  of  metallic  oreai  upon  a  small  scale,  its  alkali  pro* 
moling  their  fusion,  and  the  carbonaceous  matter  tending  to 
reduce  the  oxides. 

1942.  Tartrate  of  Potassa  and  Soda  is  prepared  by  satu*  Tartrauor 
rioting  the  excess  of  acid  in  tartar,  with  carbonate  of  soda ;  it  is  !!^^ 
the  tartras  potasaas  et  sodas  of  the  Pharmacopasia  ;  it  forms 
prismatic  crystals.*     It  has  long  been  used  in  pharmacy  under 

the  name  of  Rochelle  Salt  and  Set  de  Seignette,  It  consists  of 
1  atom  of  the  tartrate  of  potassa,  1  atom  of  the  tartrate  of  soda, 
and  8  atoms  of  water.     T. 

It  is  frequently  made  extemporaneously  by  dissolving  equal 
weights  of  tartaric  acid  and  the  bi-carbonate  of  soda  in  separate 
portious  of  water,  and  then  mixing  the  solutions.! 

1943.  Tartrate  of  Iron  and  Potassa  — This  is  the  Ferrum  ""^lil!'*^ 
tartarisatum  of  the  London  Pharmacopoeia^  but  it  is  most  '***'**^ 
conveniently  employed  as  a  medicine  in  solution,  which  may  be 
formed  by  digesting  1  part  of  soft  iron  filings  with  4  of  tartar; 

this  mixture  should  be  made  into  a  thin  paste  with  water,  and 
digested  for  some  weeks,  till  the  acid  is  neutralized,  fresh  por- 
tions of  water  being  occasionally  added  to  prevent  exsiccation. 
The  solution  of  this  compound  which  contains  the  iron  in  the 
state  of  peroxide,  is  possessed  of  some  curious  properties,  first 
pointed  out  by  Mr  R.  Phillips  t  ' 

1944.  Tartrate  of  Potassa  and  Copper  is  formed  by  boiling 
oxide  of  copper  and  tartar  in  water  :  the  solution  yields  blue 
crystals  on  evaporation ;  or  if  boiled  to  dryness,  furnishes  one 
of  the  pigments  called  Brunswick  f^een. 

1945.  Tartrate  ofJlntitnony  and  Potassa*  Emetic  Tar*  —  of  utiao- 
tar, — This  compound  may  be  obtained  by  boiling  protoxide  of  jy  ■**!»*"* 
antimony,  with  pure  supertartrate  of  potassa.    It  is  thean/tmo- 

nium  tartarizatum  of  the  London  and^  U,  S.  Pharmaco* 
pceiss. 

Cmetio  tartar  may  be  prepared  by  boiling  a  folotioD  of  100  parii  of  tartar  pr«par«tio» 
with  100  parts  of  finely  leTigated  glHsii  vf  anttaonj,  or  of  the  proto&ide  de-  ofeiMticuif 
•cribed  above  (1390)  7  the  ebollttioD  should  be  oontmued  for  half  an  hour,  and  **'* 

*  The  forms  of  its  erystsls  arising  from  tbe  modiflcattoa  of  a  rifbt  rhombic  prism,  are  represented 
by  Ux  Brooke  in  Ann.  Pkilos,  N-  8-  t.  451 

t  80da,  or  SMoie  powders  of  the  shops  are  packed  in  two  distinct  papers,  the  one  blue  and  the 
other  whitOf  the  blue  containiof  half  a  drachm  of  carbonate  of  soda,  the  white  gr.  zxt  of  tartaric 
acid  ;  when  diisolred  cad  aiixedi  efferrescenee  takes  place  but  the  liquid  is  by  no  moans  similar  !• 
^  foda  wa«ff."  t  Xspeiiipealil  BsaitiiBatioa  Qf  Um  Lundm  Pktmtctpmst  W. 
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the  filtered  liquor  eiraporatQd  to  about  bait  its  bulk,  and  »t  aside  to  crjitallae  s 
octoftdral  and  tttraedral  cr}>tals  of  the  emetic  suit  are  thui  obtained  ;  and  there 
ia  generally  formed  along  with  thein  a  portion  oY  tartrate  of  lime  and  potat«a| 
which  is  depofited  in  sinall  tufts  of  a  radiated  teitore,  and  wbicb  maj  ea«}j  be 
separated  when  the  mast  i«  dried. 

Mr  Phillips,  in  his  Experimental  Examination  o/ the  Lon^ 
don  Pharmacopoeia,  has  stated  seyerai  facts  respecting  the 
formation  of  this  salt^  which  will  be  found  useful  to  the  mana-* 
lacturer.* 

ProperUw.  Eoietic  tartar  is  a  white  salt,  slightly  e£9ore8ceot,  soluble  in 
about  14  parts  of  cold  and  0  parts  of  boiling  water.  It  is  de- 
composed by  the  alkalies,  and  when  heated  with  ammonia,  a 
portion  of  protoxide  of  antimony  is  thrown  down,  and  a  veiy 
soluble  compound  remains  in  the  liquor.  Sulphuretted  hydro* 
gen  and  hydrosulphuret  of  ammonia  produce  orange-coloured 
precipitates  in  its  solution.!  It  is  decomposed  by  bitter  and 
astringent  vegetable  infusions,  but  they  do  not  render  it  inaetire 

Ataiftis.  as  a  medicine4  In  a  late  analysis  Mr  J^hillips  has  shown  thai 
emetic  tartar  consists  of 

Bi-tartrote  of  potaata  (aabydrons)     •    •    .    49,95 

Protoxide  of  antimony 43,35 

Water       7,40 

100. 

and  he  considers  it  as  composed  of  1  atom  of  bi-tartrate  of  po- 
tassa,  3  atoms  of  protoxide  of  antimony,  and  3  atoms  of  water.§  I 

According  to  the  analysis  of  Dr  Thomson  emetic  tartar  con<- 
sists  of  2  atoms  tartaric  acid,  3  atoms  ^protoxide  of  antimony,  1 
atom  of  potassa  and  2  atoms  of  water. 

ii.    Oxalic  Acid. 

Ozafietcid.        1946.  This  acid  is  found  in  some  fruits,  and  in  considerable  i 

quantity  in  the  juice  of  the  Oxalis  Acetosella,  or  wood-sorrel^ 
and  in  the  Varieties  of  rhubarb.^  It  is  most  readily  procured 
by  the  action  of  nitric  acid  upon  sugar,  and  has  hence  been 
termed  acid^  of  sugar. 

V^wolKaio*       '^  ™^^  ^^  obtained  by  introdacing  into  a  retort  4  onnoea  of  nitric  acid 
a^  diluted  with  2  of  water  and  1  oance  of  white  angar;  nitrio  oxide  gaa  ia  copt* 

ottaly  evolTed,  and  whea  the  angar  haa  diaaolvcd,  about  ooe-tbird  of  tbe  acid 
may  be  distilled  over  :  the  coutenta  of  the  retort  are  then  emptied  into  a 
ahallow  ves»e),  and  tn  the  course  of  two  or  three  daya  an  abundant  crop  of 
white  crystals  ia  depoaited,  and,  upon  farther  evaporation  ef  the  mother-liqaor, 
a  aecond  portion  ia  obtained.  The  wboie  erystailine  prodaca  »  to  h#  redia- 
aolved  in  water,  and  again  oryatallized,  by  which  the  pure  acid  ia  obtainad.  la 
thia  way  sugar  yielda  rather  more  than  half  ita  weight  of  oxalic  acid. 

•  See  Bigelow*t  Se^nd,  75.  ^ 

t  Aecordins  to  Dr  Tunier  (Bravater's  Jtmt.  zv.  174)  aalpbaielted  h|drogaa  Is  a  veij  eertaia 

tMt  of  the  presence  of  emetic  tartar  in  mixed  flaids*  \ 

X  According  to  Orfila  the  compound  of  tannin  and  ozida  of  aBtimony  is  inert,  and  be  geoowmanda  ! 

a  decoction  of  cinchona  bark  ai  an  antidote. 
%  Mag.  IxT.  379 — For  other  tartrates,  see  Honry^a  Cassiistry,  itS33i 
U  M.  Braconnot  has  lately  found  it  in  great  quantity  in  combination  with  lime,  in  OKWt  apeoiea  ef 

ficheaa.    Bee  hia  Memoir  in  the  .4«a.  tfs  CAiat.nriii.  218  and  QMr(./Mir.ziju9S3. 
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M.  Braeonaot  obtained  oxalic  acid  by  the  following  process 

fitmi  lichens. 

The  Kcheo  reduced  (o  powder  was  boiled  with  caibooate  of  loda,  the  filtered 
liquor  wai  satonit«d  witb  nitrio  aek),  and  actUHa  of  le^d  wa«  added^  the  precipi- 
tate was  deconif  o#ed  by  aulphnric  acid  j  and,  a  ftearlj  oolenriott  aolation  was 
obtained  from  which  crjrBtais  of  oialio  acid  aeparated*  Another  portipn  was 
afterwards  separated  from  the  residue  left  by  the  carbonate  of  soda.* 

1947.  Oxalic  acid  has  the  form  of  an  oblique  rhombic  ptism*  CbaraeteM* 
The  crystals  are  transparent,  and  of  a  very  acid  taste :  they 
dissolve  in  twb  parts  of  water  at  60^,  and  ia  their  own  weight 

at  212^.  They  are  soluble  also  in  boiling  alcohol^  and  sparingly 
in  ether.  The  crystals  effloresce  in  the  air ;  and  a  red  heat 
decomposes  them.  During  distillation,  a  considerable  quantity 
of  inflammable  gas  is  obtained^  and  a  portion  of  the  acid  is  sub** 
limed;  unalteredy  into  the  neck  of  the  retort. 

1948.  Oxalic  acid  is  decomposed  .both  by  the  oxides  And  ^^Jj^ 
chloride  of  gold,  and  in  the  former  case  with  a  disengagement  ^^ 

of  carbonic  acid.t 
Dry  oxalic  acid,  according  to  Dobereiner  consists  of 

2  Carbon    •    .    ssr  IS  or  1  Carbonic  oxide  «r  14  Comporitioii* 

3  Oxygen    •    .    a  24  «^   1        '^        acid    a22 

SO  f» 

The  crystallized  acid,  according  to  Dr  Thomson  consists  of 
1  dry  acid  +  4  water. 

1949.  This  acid  is  a  most  virulent  poison,  and  from  the  How  aisthn 
resemblance  which  the  crystals  bear  to  those  of  Spsom  salt,  EpwmsiKir 
many  fatal  mistakes  have  arisen.     The  acid  taste  is  in  itself  a 
sufficient  mark  of  distinction ;  or  without  tasting  it,  if  a  few 

drops  of  water  be  placed  pn  a. slip  of  the  dark  blue  paper  which 
is  commonly  wrapped  round  sugar  loaves,  and  a  small  quantity 
of  the  suspected  crystal  be  added,  if  it  be  oxalic  acid  it  will 
change  the  colour  of  the  paper  to  a  reddish  brown.  The  solu- 
tion also  of  a  small  quantity  of  this  acid  in  a  tea^spoonful  of 
water,  will  effervesce  with  a  little  scraped  chalk  or  whitiog« 
H. — When  the  acid  has  been  swallowed,  copious  draughts  of 
lime  water,  or  magnesia  and  water,  should  be  administered,  and 
vomiting  excited  as  speedily  as  possible. 

1950.  Oxalic  acid  is  a  eood  test  for  detecting  lime,  which  it  TestoTiiflit* 
separates  fram  all  other  acids,  unless  they  are  present  in  excess. 

1951.  Oxalate  of  Ammonia  is  a  very  useful  test  of  the  oz«|^f^ 
presence  of  lime.     It  crystallizes  in  long  prisms,  of  which  45  ~ 
parts  require  1000  of  water.    Added  to  any  soluble  compoand 
of  lime  this  salt  produces  an  insoluble  oxalate  of  lime. 


*  Ths  SROM  cfasBisI  bu«iii|rioyod  the  following  ptoeais ;  100  part*  of  the  pulveriied  lichon  were  Another  pfv 
boiled  with  33  pwfi  of  lelpburie  aeid  tod  «  ealBcient  ijnaoUty  of  wtter,  Ibr  half  m  hoar,  filtered  to  OMI. 
Mpante  the  uriphato  of  lime,  and  the  liqaid  wu  careltally  evaporated  avoiding-  the  reaction  of  the 
exeesa  of  nilphaTie  acid  on  the  oxalie  aoid.    When  cold  R  became  eryetaHtne,  and  by  piewure  in 
.hibalons  papet  17  parts  of  yellowiah  whit«  oxalic  add  were  obtained,  come  itill  lamainiDg  dicoolved. 
^iM.  de  CAtn.  xxviii.  316. 

t  ^iM.  dc  CSkMil.  9t  Pkyt-  XT.  m« 

65 


I 


514  Quadraxalaie  qf  Poiaasa.  chap.  vi. 

•^fpotam.  ;  1952.  Oxalate  qf  Potaaaa  forms  fiat  oblique  four-sided 
prisms,  terminated  by  dihedral  summits,  tlie  lateral  edges  of  the 
prism  being  usually  bevelled.  Its  taste  is  cooling  and  bitter. 
At  G0°  F.  it  requires  about  twice  its  weight  of  water  for  solu- 
tion. There  is  also  a  salt,  formed  of  the  same  base  and  acid,  but 
with  a  considerable  excess  of  acid,  called  super-oxalate  or  bin^ 
oxalate  of  potassa.  It  forms  small  white  parallelepipeds  or 
rhomboids  approaching  to  cubes.  It  has  a  pungent  acid  taste 
mixed  with  some  bitterness.  It  requires  for  solution  ten  times 
its  weight  of  water  at  60^,  and  a  still  larger  proportion  of  boil- 
ing water.  It  may  either  be  fbrmed  artificially,  or  obtained 
from  the  juice  of  the  oxalis  acetosella^  or  of  the  rumex  acetosa. 
When  procured  in  the  latter  mode,  it  is  sold  under  the  name  of 

BAitofLem-  gait  o/'sofTelj  or  essential  salt  of  lemons.    The  acid,  which 
N    it  contains,  is  double  that  in  the  oxalate. 

According  to  Berzelius,  100  parts  of  potassa  are  united,  in 
the  oxalate,  with  76,58  parts  of  real  oxalic  acid,  and  in  the 
binoxalate,  of  course,  with  153,16.  Exclusively  of  water,  which 
in  the  crystals  of  the  oxalate,  amounts  to  17,31  per  cent,  they 
are  composed  as  follows : 

Acid.  Bate. 

Oxalate  or  potassa    .    .    43,37    ....    56,63 
Binoxalate  of  ditto.  •    .    60,47    ....    39,53 

M.  SeruUas  finds  that  when  dry  and  pure  oxalate  of  potassa, 
either  acidulous  or  neutral,  is  finely  powdered  with  an  equal 
weight  of  antimony  and  heated  in  a  forge  fire  for  8  or  10  minutes 
in  a  covered  crucible,  there  is  always  procured  an  alloy  of  potas- 
sium and  antimony. 
a«afiraxa-        1^53.  Quadroxalote  o/ Potassa  may  be  composed  by  seve- 
uteofpotai-  ral  methods.*    It  was  formed  by  Dr  wollaslon,  by  digesting 
"**  the  bin-oxalate  in  nitric  or  muriatic  acid.     The  alkali  is  divided 

into  two  parts,  one  of  which  unites  with  the  mineral  acid,  and 
the  other  half  remains  in  combination  with  the  oxalic  acid.  It 
forms  beautiful  crystals,  which  may  be  obtained  pure  by  solu- 
tion and  a  second  crystallization. 

If  three  parts  by  weight  of  the  quadroxalate  be  decomposed 
by  burning,  and  the  alkali,  which  is  thus  disengaged,  be  mixed 
with  a  solution  of  one  part  of  the  crystallized  salt,  the  latter  is 
exactly  neutralized.  Hence  the  quadroxalate  contains  four  times 
the  acid  that  exists  in  the  oxalate.  The  analysis  of  this  class 
of  salts,  from  which  Dr  Wollaston  (in  the  PhiL  Trans,  for 
1808)  drew  a  striking  exemplification  of  the  law  of  simple 
multiples  discovered  by  Mr  Dalton,  may  be  recapitulated  as 
follows : 


Atom       Atoms 
ofbaMo      of  acid. 

eompoiitioib  The  oxalate  coosif  ta  of 

The  binoxalate  . 
The  quadroxalate 


ofbaMo      of  acid. 

Uof    I     4-     1    .  .  .  • 

.     .      1     "f"     Z     •  •  •  . 

.     1     ^p    4     •  •  .  • 


Eqairalent 
Acid.     Number. 

BMe. 

48  -- 
48  -- 

36  =    84 

72  =s  ISO 

48  4- 

144  =  19S 

*  0M  B«riid,73  ^Mi.  de  dktm.  871. 
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Estimatingy  therefore,  from  the  weights  of  their  atoms,  ICO 
of  potassa  should  be  united,  id  the  oxalate,  with  75  of  acid  ;  iu 
the  binoxalate,  with  150;  and  in  the  quadroxalate,  with  300. 
H.  2.  204. 

1954.  When  Uaek  oxide  of  manganese  and  superoxalate  of 
potassa  are  triturated  together  and  moistened,  carbonic  acid  is 
evolyed ;  and  on  adding  more  water,  and  filtering,  a  red  solu- 
tion, containing  oxalic  acid,  potassa,  aiid  deutO^ide  of  manga- 
nese is  obtained,  which  after  a  time  becomes  colourless,  and  a 
triple  salt  is  formed,  containioo^  the  protoxide  of  manganese. 

1955.  Oxalate  of  Lime. — This  compound  is  formed  by  add-  ^^|****'^ 
ing  oxalic  acid  or  oxalate  of  ammonia  to  any  solution  of  lime. 

It  is  insoluble  in  water,  and  in  excess  of  oxalic  acid,  but  dis- 
solves in  muriatic  and  nitric  acids  :  hence  in  testing  acid  solu- 
tions for  lime  by  oxalic  acid,  or  oxalate  of  ammonia,  the  excess 
of  acid  should  be  previously  neutralized.  This  oxalate,  dried 
in  the  temperature  of  95^  Dr  Thomson  finds  is  composed  of  1 
atom  oxalic  acid,  1  lime,  and  Z  atoms  of  water. — The  anhydrous 
salt  consists  of 

Lime  ....    1  atom    .    .    .  ;28    .    .    .    4S,"r5  Compowaon. 

Oxalic  acid  .    .    1 36    .    .    .    56,25 

64  100,* 

1956.  Oxalate  of  /ron.-^The  proxtoxalate  crystallizes  in  of'wm, 
green  prisms,  and  may  be  formed  either  by  digesting  the  metal, 

or  dissolving  the  protoxide  in  the  acid.  The  peroxalate  is 
thrown  down  from  the  permuriate  or  persulphate  of  iron,  in  the 
form  of  a  difiScuUly  soluble  yellow  powder,  which  is  ti^en  up  - 
again  by  excess  of  oxalic  acid :  hence  the  use  of  this  .acid  in 
removing  iron-moulds  which  it  does  without  injuring  the  tex- 
ture of  linen. 

1957.  Oxalate  of  Copper  and  Ammonia. — This  and  sev-  ^^;vv^i 
eral  other  triple  oxalates  of  copper  have  been  described  by  Su. 
Vogel.t  By  digesting  peroxalate  of  copper  in  a  solution  of 
oxalate  of  ammonia  and  filtering,  rhomboidal  crystals  were  ob- 
tained on  evaporation,  which  detonate  when  suddenly  heated  : 
when  slowly  heated  they  merely  lose  water  and  ammonia. 
From  the  analysis  of  this  salt  it  evidently  consists  of  2  propor- 
tionals of  oxalate  of  ammonia,  1  peroxalate  of  copper,  and  6 
water. 

By  digesting  oxalate  of  copper  in  caustic  ammonia,  and  pour- 
ing the  solution  thus  obtained  into  a  shallow  basin,  it  deposits 
flat  six-sided  prisms  of  a  bliie  colour,{which  effloresce  on  expo- 
sure to  air.  The  undissolved  portion  of  the  oxalate  ajso  com- 
bines with  ammonia,  and  produces  another  distinct  compound. 

1958.  Oxalate  of  Lead  is  best  formed  by  adding  oxalic  acid 
to  solution  of  nitrate,  or  acetate  of  lead.  It  is  composed,  ac« 
cording  to  Berzelius,  of  ;S4,54  acid  -f-  75,46  oxide  of  lead4 

*  OzoLaU  ef  Soia  n  ipiiringlT-  soluble  io  water,  aad  teparatM  from  itt  Mlation  in  wntU  crjMalllne 
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Cttfi€^$M. 
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WbeB  well  dried  oxdete  ^  leed»  niied  wiik  y&ry  mall 
portions  of  potuuttm,  perfeetly  freed  from  aaphtha,  ia  put  into 
the  bottom  of  a  gleas  tube,  Um  air  beiog  carefally  excluded,  hy 
excess  of  the  oxalate,  a  yiolent  detooation  suddenly  takes  place 
before  the  beat  is  sufficjenUy  great  to  effect  the  decompoftitien 
of  the  oxalate,  when  no  potassium  ia  present.  The  tube  is 
apotted  with  metallio  lead,  the  potaasium  is  oxidi&ed,  and  there 
is  no  carbon  depoaited.* 


iii.    CiTUO  AoiD. 


Bowprepu- 


Cbirtdan. 


1959.  Citric  acid  is  obtained  by  the  feHowiog  process  from 
lemon  or  lime  juice  : 

Boil  (he  expressed  joice  for  a  few  miniitet,  and  wbaa  cold,  atrain  it  throogh 
fine  linen  ;  then  add  powdered  ehalk  at  long  ai  it  prodncat  eArrvieence,  beat 
the  aniztoBe,  and  ilrain  it  aa  be(offt :  a  qnanti^  of  oitimti^af  Uom  remainf  upon 
the  ttniaar,  which,  haTing  been  washad  with  oold  water,  is  to  be  pot  into  a 
nixtare  of  nilphuric  acid  with  20  parts  of  water :  the  proportion  of  acid  maj 
be  aboat  eqnat  to  that  of  the  chalk  employed.  In  the  oonne  of  84  boon  thie 
citrate  of  lime  wUI  baye  raifered  decompoeition,  and  ralphate  of  liao  it  formed, 
which  ia  teparated  bj  filtratian.  The  filtered  liqnor^  bj  careful  eTaporatioo, 
aa  directed  for  tartaric  acid,  fumithet  crystallised  citnc  acid.t 

The  preparation  of  this  acid  is  carried  on  by  a  few  manufac- 
turers upon  an  extensive  scale ;  in  different  states  of  purity  it 
is  employed  by  the  calico^rintersi  and  used  for  domestic  con- 
aumption.  Many  circumstances  which  have  not  here  been 
alluded  to,  are  requisite  to  ensure  complete  success  in  the  ope- 
ration ;  these  have  been  Ailly  described  by  Mr  Parkes,  in  the 
third  volume  of  his  Chemical  E9saj/9.  The  proportion  of 
citric  acid  afforded  by  a  ^Ilon  of  good  lemon-juice,  is  about  8 
ounces. 

1960.  Citric  acid  forms  crystals  of  a  very  sour  taste,  soluble 
in  their  own  weight  of  water  at  60^,  and  containing,  according 
to  Berzelius,  1  atom  real  acid  +  ^  atoms  water,  a  portion  of 
which  it  loses  by  exposure  to  heat 

1961.  From  the  analysis  of  citrate  of  lead,  the  representative 
number  of  citric  acid  appears  to  be  a  number  which  closely  cor- 
responds with  Berzelius's  estimate  of  its  constitution,  which  is 

4  Proportionala  of  oxygen  •  •  .  •  .  8  X  4  as  32 
I  .^— — —  hydrogen  .  •  .  .  1  X  2  ss  f 
4  ■     '    ■     carbon 6  X  4  a=  S4 

1962.  Exposed  to  beat,  the  crystals  undergo  the  watery 
fusion,  and  the  acid  itself  is  decomposed  before  all  lis  water  ot 
crystallization  is  expelled.  Besides  the  usual  products  of  vege- 
table matter,  a  peculiar  aeid  subUaies,  lo  which  the  name  of 
pifra<itric  add  is  applied. 


*  Oxftlata  of  eopper  troated  hi  the  wimo  wij  tbo 
appMii.    J^m;  is  Pkmr,  Nov,  ISM. 

t  r«  %  iKide  of  oteioing  U  fiwi  fMi^^eiriaa  tee  wfaa.  i>Wlt#«  N.  &  iv  m. 
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1963.  Citric  add  is  ebamcterized  by  its  flavoar^  by  the  form 
ef  its  crystals,  and  by  forming  an  iosoluble  salt  with  lime,  and 
a  deliquescent  solable  compound  with  potassa.  It  is  chiefly 
employed  as  a  substitute  for  lemon^juice.'^ 

iv.    Malic  Acid. 

1964.  The  existence  of  a  peculiar  acid  in  the  juice  of  apples,  wh«iie«ob. 
was  shown  by  Scheele,  in  1785.      He  obtained  it  by  adding  ^ 
solution  of  acetate  of  lead  to  the  expressed  juice  of  unripe  apples, 

by  which  a  tnalate  of  lead  was  formed,  and  afterwards  decom- 
posed by  sulphuric  acid.  Vauquelin  obtained  it  by  a  similar 
process  from  the  juice  of  the  house-kek.  The  same  acid  exists, 
according  to  Braconnot,  in  the  berries  of  the  mountain-ashy 
from  which  it  was  first  obtained  by  ^r  Donovan  in  1815,  and 
called  by  him  sorbie  add ;  the  apparent  difierences  between 
the  malic  and  sorbie  acids,  are  referable  to  the  impurities  of  the 
former.  Mr  Donovan  has  given  the  following  process  for  its 
preparation.! 

Express  the  juice  of  the  ripe  berries,  and  add  solution  of  acetate  of  lead,  Procew. 
filter^  and  wash  the  precipitate  with  cold  water,  then  pour  boiling  water  upon 
the  filter,  and  allow  it  to  past  throngh  the  precipitate  into  glass  jars  ;  after  some 
hoars  crystals  are  deposited,  which  are  to  be  boiled  with  €,3  times  their  weight 
of  snlpharic  aoid,  specific  gravitj  1,090.  The  clear  liquor  is  to  be  poured  off, 
and,  while  still  hot,  a  stream  of  sulphuretted  hydrogen  is  to  be  passed  through 
it,  to  precipitate  the  remaining  lead;  the  liquid  is  then  filtered,  and  when 
boiled  so  as  to  expel  the  sulphuretted  hydrogen,  is  a  solution  of  the  pure 
vegetable  aoid. 

Malic  acid  may  also  be  obtained  by  steeping  sheet-lead  in  the 
juice  of  apples;  in  a  few  days,  crystals  of  malate  of  lead  form, 
which  may  be  collected  and  decomposed  by  the  very  careful 
addition  of  dilute  sulphuric  acid. 

1965.  It  may  be  formed,  also,  by  the  action  of  nitric  acid 
on  sugar. 

Equal  weights  of  sugar  and  nitric  acid  are  to  be  distilled  together,  till  the 
■nxtufe  arnnnns  a  brown  c<^ar.  The  oialic  acid  may  be  separated  by  adding 
lioM  water ;  after  which,  the  remaining  liquor  is  to  be  eaturated  with  lime  and 
filtered.  On  the  addition  of  alcohol,  a  coagulum  of  malate  of  lime  h  formed, 
which  may  be  dissqWed  in  water,  and  decomposed,  as  in  the  preparation  of 
acetate  ef  lead  ;  and  afterwards  by  sulphuric  acid.  This  process  however  is 
eztremelhf  uncertain  and  costly.    H. 

1966.  Malic  acid,  when  carefully  prepared,  is  a  colourless  Fropertiw. 
liquid,  very  sour,  and  not  susceptible  of  crystallization.     It 
forms  crystallizable  salts  with  many  of  the  metallic  oxides, 

*  (Mrt^  tf  Fit«i«a  fa  very  loluUef  deliquMcent,  sod  diffienltiy  cryitaBinble.  It  fa  niocb  used  in 
aMdieinc  m  a  mild  diapboratic,  and  it  Um  8«M  of  RiverHu  of  oM  pharmacy. 

dtrmtt  •/  Ss^  fa  djfleoMy  oryitaUiMbfa  in  hoxaSdral  tabfat,  of  a  laliBa  flavour,  and  toluble  ia 
■^MMwbal  ham  than  two  parti  of  eoM  watar. 

CUraU  tf  Xmm  boi  been  adrerted  to  in  the  preparaUon  of  eitric  acid  It  fa  nearly  taatelen,  and 
•carcoly  soluble  in  watar,  bat  readily  aoloble  in  sokitioa  of  citric  acid :  wJien  qpoisttoad  it  loon  frown 
mouldy  if  espoeed  to  air.    It  eonaitta  of  J  proportiooai  acid,  and  1  lime. 

The  remaininf  citrates  af«  of  little  inportanoa. 

t  PkiU  7raM»  1815. 
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whichy  however,  have  scarcely  been  examined  with  such  pre- 
cision as  to  enable  us  to  determine  the  representative  number 
of  malic  acid.  A  detailed  account  of  what  is  known  respecting 
them  will  be  found  in  M.  Braconnot's  Memoir.*  His  analysis 
of  the  crystallized  malate  of  le^d  gives  its  composition  thus  : 

Acid 100, 

Oiideofl«ad 1&7,4 

When  malic  acid  is  heated  out  of  the  contact  of  air,  it  sub- 
limes, and  the  sublimed  crystals  possess  characters  differing 
from  those  of  the  original  acid.  When  thus  altered,  it  has  been 
called  pyromalic  ^cid. 

1967.  The  sorbic  actW,  which  may  now  be  considered  as 
identical  with  the  malic,  was  analyzed  by  Vauquelin,  by  com- 
bustion with  oxide  of  copper,  and  its  composition  is  stated  to  be 

Carbon S8,3 

Oijgen 54,9 

Hydrogen 16,8 

100, 

These  results  indicate 

3  atoms  of  carbon  •    .    .    .     18    .    .    .    30, 

4  ditto    of  oxygen     .    .     .    32    .    .    .    53,33 
10  ditto    of  bjdrogeo  •    .    .     10    .    .    .     16,67 

60  100.     H.  2. 225. 

1968.  Most  of  the  salts  of  malic  acid  are  more  or  less  soluble 
in  water.  The  malates'of  soda  and  potassa  are  deliquescent  and 
very  soluble.  Those  of  lead  and  lime,  the  most  insoluble  of 
the  pialates,  are  sparingly  soluble  in  cold  water,  but  are  freely 
dissolved  by  that  liquid  at  a  boiling  temperature,  a  circumstance 
which  distinguishes  tlie  malic  from  the  oxalic,  tartaric  and  citric 
acids.     T. 


V.    Gallic  Acid. 


How  obtain- 
ed. 


Othtt  pro- 


1969.  This  acid  derives  its  name  from  the  gall-nuty  whence 
it  was  first  procured  by  Scheele.  It  may  be  obtained  by  the 
following  process. 

Digest  bruised  galls  in  boiling  water,  with  abont  one- sixth  their  weight  of 
Yellum  cuttings,  for  some  hours;  then  allow  the  mixture  to  coo),  and  filter  it^ 
Add  to  the  filtered  liquor  a  solntion  of  acetate  of  lead,  as  Jong  as  it  occasions 
any  precipitate  ;  pour  the  whole  Upon  a  filter,  wash  the  precipitate  with  warm 
water,  and  digest  it  in  very  dilute  sulpharic  acid ;  filter,  and  hairing  satarated 
the  clear  liquor  with  chalk,  evaporate  to  dryness.  Introduce  the  dry  maas  iato 
a  retort  placed  in  a  sand-bath,  and  upon  the  application  of  heat  a  portion  of 
water  will  first  rise,  and  afterwards  a  crystalline  sublimate  of  gallic  acid. 

There  are  many  other  processes  for  obtaining  this  acid,  among  which  the  fol- 
lowing deserve  notice  ;  Moisten  bruised  gall-nuts,  and  expose  them  for  four  or 
tv^  weeks,  to  a  temperature  of  about  80^.  A  mouldy  paste  is  formed,  which 
is  to  be  squeezed  dry,  and  digested  in  boiling  water ;  it  then  affords  a  solutioa 
of  gallic  acid,  which  may  be  whitened  by  animal  charcoal,  and  which,  on 
evaporation,  yields  gallic  acid,  orystalliied  in  white  needles.f 


*  Jltmalu  d»  CAtm.  it  Pkyt,  vi. 
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Boil  an  ounce  of  powdered  gallt  in  16  oancet  of  water  down  to  8,  and  atrain ; 
diuoWe  t  ooncea  of  alom  in  water,  precipitate  the  alomina  bj  carbonate  of 
potaia,  and,  after  edalcorating  it,  stir  it  into  the  deooction ;  the  next  day 
filter  (he  miitore ;  wash  the  precipitate  with  warm  water,  till  this  will  no 
longer  blaclcen  salphate  of  iron ;  mix  the  washing  with  the  filtered  liqoor, 
•?aporate,  and  the  gallic  acid  wilt  be  obtained  in  acioular  crystals.* 

1970.  Gallic  acid,  when  pure,  is  in  whitish  crystals,  of  a  sour  P»p«ti««. 
taste,  and  which  exhale  a  peculiar  smell  when  heated.     It  dis- 
solves in  about  24  parts  of  water  at  60%  and  in  3  parts  at  212^ 

It  is  also  soluble  in  alcohol  and  in  ether.  When  repeatedly 
sublimed,  this  acid  is  altered  and  in  part  decomposed.  It  con- 
sists, according  to  Berzeliust  of 

Hydrogen ,  5,00 

Carbon 4    •    •    .    56,64 

Oxygen    •    .    .    .    • 38,36 

100,00 

These  proportions  give  the  number  63,  as  the  representa- 
tive of  gallic  acid.$ 

1971.  The  combinations  of  pure  gallic  acid  with  metallic  odfotM. 
bases  have  scarcely  been  examined,  and  consequently  we  have 

no  accurate  chemical  history  oC  the  gallatea.  Their  solutions 
are  all  very  prone  to  decomposition,  and  acquire  a  deep  brown 
colour.  This  acid  forms  no  precipitate  in  solutions  of  potassa 
or  of  soda,  but  when  dropped  into  lime-water,  baryta-water,  or 
strontia- water,  it  occasions  the  separation  of  a  difficultly  soluble 
gallate  of  those  earths.  It  also  causes  a  precipitate  in  solutions 
of  zirconia,  glucina,  and  yttria. 

1972.  When  an  infusion  of  galls  is  added  to  certain  metallic  sibet  ^n 
solutions,  it  forms  precipitates  composed  of  tannin,  gallic  acid,  JJ^^*^'*^^'' 
and  the  metallic  oxide,  and  as^  these  are  often  of  different  col- 
ours, the  infusion  is  employed  as  a  test  for  such  metals.     For 

the  colours  of  the  precipitates,  see  Tables. 

1973.  Of  these  compounds,  the  tanno-gallaie  of  iron  is  of 
the  most  importance,  as  forming  the  basis  of  writing  ink,  and 
of  black  dyes. 

When  an  infusion  of  galls  is  dropped  into  a  solution  of  sul-  lok: 
phate  of  iron,  it  produces  a  deep  purple^recipitate,  which  is  a 
very  long  time  in  subsiding ;  it  becomes  black  by  exposure  to 
air.  In  writing  ink,  this  precipitate  is  retained  in  suspension 
by  mucilage,  and  the  following  proportions  appear  the  best 
which  can  be  used. 

Finely  bruited  gall*,  3  ounces 
Green  yitriol  (protosulphate  of  iron) 
Log'wood  »bayiog8. 

Put  these  ingredients  into  a  bottle,  and  agitate  them  occa- 
sionally during  twelve  or  fourteen  days;  then  allow  the  coarser 
parts  to  settle,  and  pour  off  the  ink  for  use.         « 

*  Fedler,  Ure*«  Dictionary,  \  JitvMU  of  Pkilo»opkift  vol.  t. 

^  Ofi  Carbon    -   -    -    6  atoms    ---•-    ---36--    ------    g,I4 

OzTSoM  --.3     --.- 24--*-----    38,10 

RydrofM     --S     •-..------     3--------     4,78 

«3  100.    V. 


Gum  i^rabio,  of  each  1  onnce 
Vinegar,  I  quart 
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CSA».  Ti. 


Colour  re- 
■tor«d< 


The  tendency  of  ink  to  become  mouldj  is  much  diminished 
by  keeping  a  few  clones  in  the  ink  bottle,  or  by  dissolving  in 
each  pint  of  the  ink  about  three  grains  of  corrosive  sublimate. 

The  colour  of  common  writing  ink  is  apt  to  fade,  in  canse-* 
quence  of  the  decomposition  of  its  yegetabie  matter ;  and  when 
thus  illegibtei  it  may  often  be  restored  by  washing  the  writing 
with  vinegar,  and  subsequently  with  infusion  of  galls.  Aeids 
also  destroy  its  colouring  matter,  and  those  inks  which  resist 
their  action  contain  some  other  colouring  principle,  usually 
finely  powdered  charcoal.  Common  writing  ink  is,  for  this 
reason,  much  improved  by  dissolving  in  the  quantity  above- 
mentioned  about  an  ounce  of  Indian  Ink,  which  is  lamp-black 
made  into  a  cake  with  isinglass.* 

In  dyeing  black  the  stuff  is  first  impregnated  with  a  solutioa 
of  the  gall-nut,  and  afterwards  the  colour  is  brought  out  by  the 
application  of  sulphate  or  acetate  of  iron.t 

vi.    Bbnzoio  Acn>. 


ed. 


1974.  Benzoic  acid  may  be  obtained  by  sublimation  from 
benzoin^  which  is  a  resinous  exudation  from  the  Siyrax  benzoe 
of  Sumatra ;  it  also  exists  in  the  Balsam  of  Peru  and  of  7bAi.| 

flow  obtain-  If  thcso  substancos  are  heated  in  a  crucible,  with  a  cone  of 
paper  attached  to  its  mouth,  the  acid  condenses  in  it,  in  fine 
aeicular  crystals  which  were  formerly  called  JUnverB  of  benzoin* 
A  good  process  for  procuring  this  acid  is  that  recommended  by 
Mr  Hatchett  which  consists  in  digesting  benzoin  in  sulphuric 
acid,  when  it  affords  a  copious  sublimate  of  pure  benzoic  acid.§ 
It  may  also  be  obtained  by  boiling  a  pound  and  a  half  of  pow- 
dered benzoin  with  4  ounces  of  quicklime,  in  6  or  8  quarts  of 
water.  When  cold  the  clear  liquor  is  decanted,  and  the  resi- 
duum again  boiled  in  half  the  former  quantity  of  water.  The 
liquors  thus  obtained  are  boiled  down  to  half  their  bulk,  filtered, 
and  mixed  with  muriatic  acid,  as  long  as  it  occasions  a  precipi- 
tate, from  which  the  liquor  is  poured  off,  and  when  dry  it  is  put 
into  an  earthen  veasely  placed  in  a  sand  heat,  and  sablimed  into 
paper  cones.  || 

1975.  Benzoic  acid,^when  it  has  been  thus  sabltmed,  is  in 
the  form  of  soft  feathery  crystals,  and  of  an  acrid  aftd  slightiy 


Qbaraetarti 


*  See  Dr  If  ftcallocli  on  lodelfUe  Ink,  Jce.  Brewtter's  Jtii».  i.  S18,  nnd  BtL  Jmt.  ii.  344. 

t  Upon  tbeie  mbiecto  maeh  TnlQable  information  will  be  foond  in  Lewit*e  PkSUM/lkicwi 
•/  tiu  JhUy  end  in  Aikin'a  Dictionarf. 

In  tfae  PAtlM.  7Van«.  for  1H17  Mr  Braade  baa  deaeribed  tbe  praptrtiia  of  n  ipeeiee  of  galli  ftea 
China,  whieb  IVimiah  rety  pure  faille  acid,  and  wbioh,  coald  thej  be  aboBdaatiy  obuiaad,  woold 
certainly  proTe  i  Taloable  aubatitute  for  common  falla,  in  naaoy  of  tbe  proeeaaea  in  whieb  tbey  are 
employed. 

t  M.  Vofel  hai  detected  it  in  cryatak  in  tbe  Tonqain  bean.  It  h  fooad  ia  eooaidinbia  qnaAty 
in  ihe  nrine  of  the  cow  and  other  berbtTorona  anlmala. 

$  Additional  Experimenta  on  tannin,  PkiL  TtMu,  1808. 

II  In  tbe  tanlb  Tolnme  of  Nieholaon*a  JmrtuUi  Mr  Brande  baa  detailed  aevafal  asperioMnta  ea 
bensoin,  and  baa  ahown  the  relative  quanti^  of  acid  aiFoided  by  the  atvenl  piPCOMW  whieb  have 
for  obtainim  it. 
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sour  taste,  soluble  in  about  30  parts  of  boiling  water,  and  very 
sparingly  soluble  in  cold  water.  It  is  much  more  soluble  in 
alcohol,  and  this  solution  easily  furnishes  it  in  prismatic  crys- 
tals. 

1976.  Berzelius's  analysis  gives  the  following  as  the  compo« 
iients  of  this  acid  : 

Hydroiren 6  atoms  =t    6  Comporitibfl. 

Carbon 15      '^      =90 

Ox/gen  :,...,...      3      "=  24 

EquiTalent  of  benioic  acid ISO 

1977.  The  compounds  which  this  acid  forms  with  alkaline 
and  earthy  bases  are  called  benzoates;  they  have  been  describ- 
ed in  the  Philosophical  Magazine,  vol.  xl.  and  Ann.  de  Chim. 
vol.  ix.* 

Besides  the  vegetable  acids  which  have  now  been  described,  otbMMidi. 
there  are  a  few  others  of  considerably  inferior  interest  and 
importance ;  namely,  the 

1978.  Moroxfflic  acid,  discovered  by  Klaprotb,  in  the  bark  Moroxyiic. 
of  the  morus  alba,  or  while  mulberryA    An  exudation  was 
observed  upon  this  bark,  which  proved  to  be  a  compound  of  a        .« 
peculiar  acid  and  lime,^r  a  moroxylale  of  lime  ;  its  solution 

was  decomposed  by  acetate  of  lead,  and  the  moroxylate  of  lead 
thus  obtained  decomposed  by  dilute  sulphuric  acid,  furnished  a 
sohition  of  moroxylie  acid,  which  gave  acicular  crystals  on 
evaporation.  This  acid  has  the  taste  of  succinic  acid ;  it  is  solu- 
ble in  water  and  alcohol,  and  does  not,  like  some  of  its  salts,* 
form  precipitates  in  metallic  solutions.  The  quantity  of  this 
acid  examined  by  Klaprotb,  was  so  small  as  to  leave  some  doubt 
respecting  its  distinct  nature. 

1979.  Boletic  acidxvM  obtained  by  Braconnot  from  the  boletus  BoI^ 
jfseudoignariusX  by  cautiously  evaporating  its  expressed  juice 

to  the  thickness  of  sirup,  digesting  it  in  alcohol,  dissolving  the 
residue  in  water,  and  adding  nitrate  of  lead  to  the  aqueous  solu- 
tion ;  the  precipitate  washed  and  diffused  through  water,  was 
decomposed  by  sulphuretted  hydrogen ;  the  liquor  was  then 
filtered  and  evaporated  till  it  formed  crystals,  which  were  puri* 
fied  by  solution  in  alcohol  and  evaporation.  These  crystals  are 
boletic  acid ;  they  are  prismatic,  and  require  180  parts  of  water 
at  68^9  and  45  of  alcohol  for  their  solution,  which  reddens 
bines  and  precipitates  nitrate  of  lead,  and  the  salts  containing 
the  peroxide,  but  not  those  of  the  protoxide  of  iron.  This  acid 
snUimes  with  little  alteration,  when  heated.  Braconnot  has 
examined  the  bolelaies  of  ammonia,pota8sa,  lime,  and  baryta, 
but  his  researches  have  not  as  yet  been  confirmed  by  any  other 
chemist.§ 

1980.  Fungic  acid  was  procured  by  the  same  chemist  from  Fimgie. 
the  boletus  Juglandis,  and  some  other  fungi  *,  it  is  deliquescent 

and  uncrystallizable.|| 

«  See  alM  Heniy,  ii.  S20.  t  Nieliotofta*t  Jawnult  vii.  t  -^^m.  dt  CIm.  Uu. 

t  TbonMon'a  sittm,  6Ui  edit  ii.  157.  (I  An*  dt  Cftmi.  UzxviL 

66  ^ 
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XiBit.  1981.  JRnie  acid*  was  discovered  by  Vauquelin,  in  Cineho- 

na.  When  a  strong  cold  infusion  of  this  bark  is  set  aside,  crys- 
tals of  kinate  of  lime  are  sparingly  deposited  by  it,  which  may 
be  decomposed  by  oxalic  acid.  The  kinic  acid  is  crystalliza- 
ble,  sour,  and  bitter  :  the  kinatea  are  for  the  most  part  soluble 
salts  :  it  is  chiefly  distinguished  by  forming  no  precipitate  in 
solutions  of  lead  and  silver.t 

1982.  M.  Braconnot  has  given  the  term  EUagic  add  (from 
the  word  galU  reversed)  to  an  acid  body  which  he  has  detect- 
ed along  with  gallic  acid,  in  infusion  of  galls,  but  its  characters 
have  been  but  imperfectly  ascertained. 

Zdnie.  1983.  Zumic  add  was  discovered  by  the  same  chemist  in 

vegetable  substances,  which  have  undergone  acetous  fermenta- 
tion.j: 

1984.  M.  M.  Bussy  and  Lecanu  have  obtained  three  new 
fatty  acids  from  castor  oil,  one  called  ricinic  add^  is  fusible  at 
72^  F. ;  another  termed  elaiodic  addj  is  fluid  below  32^  F. ; 
and  the  third  or  margaritic  add,  crystallizes  in  fine  scales,  and 
is  not  fusible  below  264''  F. 

PwtMioU.  1985.  Peciic  Add. — ^M.  H.  Braconnot  has  given  the  name  of 
pectic  add^  to  a  principle  found  by  him  in  several  plants  which 
has  the  property  of  being  coagulated  by  alcohol,  metallic  solu- 
tions, the  acids,  &c.  It  appears  to  be  the  same  substance!  pre- 
viously discovered  by  Professor  Torrey  in  the  Tuckahoe, 
Seleroiium  giganteufn,\\  a  fungus  common  in  the  sandy  barrens 
of  the  Southern  states,  and  to  which  he  gave  the  name  Sclerotin. 
It  is  readily  soluble  in  a  solution  of  caustic  potassa,  and  this  solu- 
tion is  gelatinized  by  almost  every  known  body. 

1986.  M.  Braconnot's  process  for  obtaining  this  substance  is 

Bow  •Main.  ^8  foUows.    If  Foots  Containing  starch  be  operated  upon,  such  as 

^  those  of  cellery  and  'carrot,  they  are  to  be  reduced  to  pulp  by 

rasping,  the  juice  expressed,  the  residue  boiled  in  water,  slightly 
acidified  with  muriatic  acid,  then  washed,  and  afterwards  heat- 
ed with  a  very  dilute  solution  of  potassa  or  soda.  A  thick 
mucilaginous  liquid  results,  slightly  alkaline,  from  which  muri- 
atic acid  separates  the  acid  in  the  form  of  an  abundant  jelly, 
which  should  then  be  well  washed. 

VBionwith        1987.  It  forms  a  very  soluble  salt  with  potassa,  which  may 

9^^-^  be  obtained  in  the  state  of  a  transparent  jelly,  by  adding  weak 
alcohol,  which  removes  the  excess  of  alkali  and  colouring  mat- 
ter if  there  be  any  present.  This  jelly  washed  on  a  cloth,  with 
alcoholized  water,  pressed  and  dried,  is  a  neutral  compound, 
which  swells  and  dissolves  in  water,  and  leaves  upon  evapora- 
tion a  transparent  mass,  resembling  gum  arable.     Its  taste  is 

hopMtitf.  insipid.  Placed  upon  a  plate  of  red  hot  iron  it  swells  exces- 
sively, leaving  a  deep  brown  residue  soluble  in  water,  and  having; 


*  Mr  Brando  propoM*  the  term  ditekonic  ocul  u  praferabl*.    Jlfan.  •/  Pktr,  64. 

t  .^nn.  de  CAm.  lis  %  TbooMm't  SftUmt  toL  iL  p-  ISH 

$  From  ffUKTic  eoafubau^Ann^  dt  Ckim.  nriii.  173,  and  BoMton  Jcur*  ui.  138. 

H  Dr  Tomy*t  uwljm  of  tiw  TuckfthM  was  pvbliibcd  in  tho  N.  T.  M$d»  i8<^.  1880. 
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the  character  of  ulmin  united  to  potasaa.  Exposed  to  the  flame 
of  a  taper^  it  burDs,  prodacing  delicate  filaments  which  project 
from  the  mass  like  vermicelli.  These  filaments  fuse  into 
globules  of  ^sub-carbonate  of  potassa. 

This  salt  has  the  remarkable  efiect  of  communicating  to  large 
masses  of  sugar  and  water  the  property  of  gelatinizing.  M. 
Braconnot  in  this  way  prepared  aromatised  jellies,  perfectly 
transparent  and  colourless  and  very  agreeable  to  the  taste  and 
eye. 

1988.  This  acid  forms  with  ammonia  a  soluble  compound  UnitMwitli 
having  similar  properties  to  the  foregoing.  M&moiuti 


SscTiOH  XVII,     Of  the  Parts  of  Plants. 

■ 

1989.  In  the  preceding  Sections  the  principal  proximate  com* 
ponents,  of  vegetables  have  been  describedi  and  the  composition 
of  some  of  their  detached  parts  has  been  adverted  to ;  such  of 
these  as  have  not  been  previously  noticed  and  as  have  been 
examined  with  any  degree  of  precisioui  remain  to  be  described 
in  this  Section  under  the  heads  of 

Roots.  Seedr. 

Barkf.  Fruitt. 

IVoodt.  Bulbf. 

LeaYet.  Lichent. 

Flowen.  Fuogi. 

i.    Roots* 

1990.  a.  Ipecacuanha. — ^This  root  is  the  produce  of  the  Cat- 
licocca  Ipecacuanfia.^  It  has  been  examined  by  M.  M.  Pelle- 
tier  and  M ajendie,  and  an  account  of  their  researches  is  publiaft- 
ed  by  M.  Kobiquet,  in  the  Jlnnales  de  Chimie  et  Phya.  iv. 
172.  100  parts  of  this  root  deprived  of  the  woody  fibre  which 
traverses  its  centre  afibrded 


Fatty  matter f 

Emctioe 14 

Gum   .    .  ' 16 

Staroh 18 


Woody  fibre      «...    48 
A  trace  of  wax      •    .    • 
Lost S 


100 

The  means  of  separating  the  emetic  principle  have  already 
been  described. 

1991.  b.   FaUrianf  the  root  of  the  Valeriana  officinalis^  vaitrtw. 
has  been  examined  by  Trommsdorf.t     The  recent  ro(>t  loses 
about  three-fourths  its  weight  in  drying.     It  afibrds,  when  dis* 
tilled   with  water,  an  aromatic  volatile  oil ;   it  also  contains 
atarchi  gum,  resin,  and  extractive. 

1992.  c.  Turmeric  is  the  root  of  the  Curcuma  longa^  a  TttrmwM. 
-int  cultivated  in  the  East  Indies,  and  used  as  a  condiment. 


I 
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Mtheifu 


OBAP.  TI. 


Maddir. 


^imbarb' 


I    '    MM. 


Ahheio. 


especially  in  Curry  powder.  Digested  in  water  or  alcohol,  it 
furnishes  a  large  proportion  of  yellow  colouring  matter,  which 
would  be  very  useful  to  the  dyer,  could  it  be  rendered  perma- 
nent. Most  of  the  acids  render  it  paler,  and  the  alkalies 
change  it  to  a  deep  brick-red ;  hence  its  use  as  a  test  of  the 
presence  of  alkaline  matter.  It  is  also  reddened  by  boracic 
acid,  and  by  muriatic  acid  gas. 

1993.  d.  Mcuider  is  the  root  of  the  JRubia  Tineforunif  and 
is  an  article  of  great  importance  in  dyeing ;  it  grows  wild  in 
roost  parts  of  the  south  of  Europe,  and  is  largely  cultivated  ia 
some  parts  of  Holland  and  the  Levant ;  its  red  colour  is  apt  to 
be  injured  by  drying,  a  process  requiring  much  caution.  Good 
madder  has  a  strong  an^  peculiar  smell ;  it  exhibits,  when  cut, 
a  cortical  and  a  woody  part  of  a  red  colour,  intermixed  in  tho 
former  with  yellow  spots.     The  red  portion  is  most  soluble.* 

1994.  e.  Rhubarb  is  the  root  of  the  Bheum  palmaium^ 
largely  cultivated  in  the  northern  parts  of  China ;  its  colour  ia 
brown,  with  streaks  of  red  and  white.  The  following  are  the 
component  parts,  separable  from  the  finest  kinds  of  Turkey 
rhubarb.t 


Water    .......  8,2 

Gam ,    •  31,0 

Resin 10,0 

Extract,  tao,  and  gallic  acid  26,0 


Phoiphate  of  lime 
Malate  of  lime  . 
Woodjr  fibre.  .    • 


«,0 

6,5 

16,3 


1995.  M.  Vaudin,  by  treating  one  part  of  rhubarb  with  eight 
parts  of  nitric  acid,  with  a  gentle  heat,  and  then  reducing  it  to 
the  consistence  of  a  sirup  and  diluting  it  with  water,  observed 
that  a  peculiar  substance  was«precipitated,  which  he  has  called 
Bheine.  It  is  of  a  yellowish  orange  colour,  devoid  of  any 
peculiar  smell ;  its  taste  is  slightly  bitter,  and  it  is  almost 
entirely  soluble  in  alcohol  aqd  ether ;  these  solutions  become 
yellow  by  acids,  and  of  a  rose  colour  by  alkalies.:^ 

Shubarbarine  is  the  name  employed  by  Pfaff  to  designate 
the  principle  in  which  the  purgative  property  of  the  rhubarb 
resides.  M.  Nani  of  Milan  regards  the  active  principle  of  this 
plant  as  a  vegetable  alkali.§  From  experiments  on  this  sub- 
stance Mr  Carpenter  infers  that  it  is  not  the  active  principle  of 
rhubarb.  II 

199^.  JiUhein  was  obtained  by  M.  Bacon  of  C&^nfrom  the 
root  of  the  aihea  officinalis  by  the  following  process. 

Prepare  a  cold  waterj  extract  of  manfamallow  root,  treat  it  with  boiling 
alcohol,  which  dissoWefl  acidaloin  malate  of  alUiein,  oil,  &c.  Mix  all  the 
spirituous  decootioDs,  which  become  turbid  as  they  cool,  poar  off  the  clear 
solation^  treat  the  ciystalliDe  deposit  with  water,  filter  the  solution,  and  evapo- 
rate  it  with  a  gentle  heat  to  the  cpnsbtence  of  a  sirup,  and  set  it  aside  to 
crystallize.  The  cry&tals  obtained  are  to  be  washed  with  a  small  quantity  of 
water,  and  dried  upon  paper. 


*  Aikin*a  Dictiouarft^  Ait.  Dyeing.    Botbollet,  £{em.  U  7>ni2iir«,  H. 

t  Brande,  Quarterly  JounuU  of  Science  and  UU  J^rU^  %.  S91. 

\  Jew.  ie  CUm,  Med,  ii.  288.  %  ^Mrt.  Jnir,  xri.  I7SL 

II  6m  a  paper  b7  Mr  Carpeoter  in  Jiner*  Jeur,  ef  6ci»  xir.  33. 
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The  crystals  appear  to  the  unassisted  eye  id  the  form  of 
grains,  needles^  and  feathers,  and  stars,  but  wlien  examined 
with  a  glass  they  exhibit  the  hexaedral  form.  They  are  of  a 
magnificent  emerald  green  colour,  inodorous  and  unaltered  by 
exposure  to  the  air ;  they  redden  litmus  paper,  are  soluble  in 
water,  but  insoluble  in  alcohol.  The  aqueous  solution  of  these 
crystals,  treated  in  the  cold  with  magnesia,  and  filtered,  restores 
the  colour  of  litmus  which  has  been  reddened  by  an  acid,  and 
renders  sirup  of  violets  green :  by  evaporation  the  althein  is 
obtained  separate  from  the  malic  acid.* 

1997.  Dalhine, — This  substance  was  extracted  by  Lagea 
from  the  roots  of  the  Dalhia.  It  is  white,  and  pulverulent^ 
having  most  analogy  with  starch  and  inulinrt 

1998.  Liquorice^  the  root  of  the  Glyeyrrhiza  glabra^  has  Liquorice. 
been  examined  by  M.  Bobiquet,  who  found  in  it  the  following 
substances.]: 

i.    Starch.  y.    An  acrid  oil. 

ii.  Glaten.  v.i   A  orjttallizable  substance  re- 
iii.  Liquorice  ragar.  sefubling  asparagiii. 

iv.  Phosphate  and  malate  of  lime  vii.  Woodj  fibre.  . 
and  magneaia. 

The  sugar  is  soluble  in  water  and  in  alcohol,  but  not  con- 
vertible into  alcohol  by  fermentation ;  nor  into  oxalic  acid  by 
the  action  of  nitric  acid. 

1999.  Jalapj  the  root  of  the  Convolvulus  Jalappa^  is  em-  jaiap. 
ployed  in  medicine  as  a  cathartic.     It  is  imported  from  South 
America.     Its  activity  is  generally  regarded  as  chiefly  resident 

hi  its  resin.     The  finest  and  densest  jalap  aflbrds  about  12  per 
cent,  of  resin,  when  digested  in  alcohol ;   water  takes  up  about  ' 

30  or  35  per  cent,  of  the  remainder,  and  the  residue  appears  to 
be  inert  woody  fibre. 

2000.  Oentian  is  the  root  of  the  Oentiana  lutea;  accord-  owtiiui. 
ing  to  Mr  Henry§  it  contains  the  following  substances : 

i.  A  rabetance  resembUng  bird-lime. 

ii.  A  resin  combined  with  an  oU,  wbicb  givei  to  gentian  its  peculiar  odour. 

iii.  A  bitter  extractive  principle. 

IT.  Gum  and  colouring  matter. 

V.  Phosphate  of  lime. 

ii.     Barks. 

2001.  a.  Cinchona, — The  varieties  of  Peruvian  bark  have  cinchona.  • 
been  examined  by  M.  M.  Pelletier  and  Caventou.||     In  the 
cinchona  lanci/olia,  or  pale  bark^  they  found  the  following 
constituent  parts : 


i,     Cinchonia,  combined  with  kiofo 

!▼.    Tannin. 

acid. 

,  T.     Kinate  of  liiue» 

ii.    Green  fatty  matter. 

vi.   Gum. 

iii.   Red  and  yellow  colouring  mat- 

vii. Starch. 

ter. 

viii.  Liffnin. 

*  Jowr,  de  Ckim,  Mtd.  ii.  and  Jinn*  PhiUt.  N.  S.  7. 89.        t  An%.  de  Ckim.  si  4$  Phyt,  uiv.  SOD. 
X  Ann-  de  Ckim.  l]cx.  %  AnnaU  •/  PkUos^kift  svi.  80. 

n  Sm  tko  a  paper  by  Mr  Oarpaater  in  Jimtr.  Jmtr.  Ix.  363. 
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iSOOi.  Cinehania  may  be  obtained  by  the  following  proceat. 

A  ppand  of  braifed  bark  if  to  be  boiM  in  tboot «  gallon  of  water,  to  wbioh 
three  drachoM  of  f olphuric  ^acid  have  been  previovBlj  added.  A  liiBilar  deooc- 
tion  it  to  be  repeated  with  abottt  half  the  qoantitj  of  liquid,  and  to  on  till  ail 
the  toloble  matter  it  extracted.  The  decoetionfl  are  then  to  be  mixed  together 
and  strained,  and  powdered  hjdrate  of  liiM  to  be  added,  in  proportion  looie* 
what  greater  than  it  reqoired  to  latnrate  the  tinkL.  From  the  precipitate  (a 
mixture  of  cinchonia  and  cnlphate  of  lime)  repeated  boilingi  for  lome  mtnntet 
with  alcohol,  decanting  the  (laid  while  hot,  separate  the  cincstionia,  which  maj 
be  obtained  bj  dit tilling  off  the  alcohol  at  a  veiy  gentle  heat«* 

^OOS.  Cinchonia  thus  obtained  is  white,  translueent,  crystal- 
line, and  soluble  in  2500  times  its  weight  of  boih'ng  water,  but 
a  considerable  part  separates  on  cooling.  Its  taste  is  bitter, 
though  long  in  being  developed,  owing  to  its  insolubility  ;  but 
its  acid  solutions  nave  a  strong  taste  of  Peruvian  bark.  It  is 
neither  fusible  nor  volatile  at  moderate  temperatures.  It  is  very 
soluble  in  alcohol  and  ether,  and  sparingly  so  in  fixed  and  vola- 
tile oils. 

2004.  Cinchonia  restores  the  colour  of  litmus,  which  has  been 
reddened  by  an  acid  ;  unites  with  all  the  acids ;  and,  with  (he 
greater  number,  forms  compounds  which  are  perfectly  neutral. 
The  sulphate  is  constituted  of  11,27  acid,  and  88,7.3  base.  It 
is  very  soluble  and  has  an  intensely  bitter  taste.  The  muriate 
is  still  more  soluble  in  water  than  the  sulphate ;  dissolves  in 
alcohol ;  and  crystallizes  in  delicate  prisms.  The  nitrate  is  not 
cry  stall  izable.  The  oxalate,  tartrate,  and  gallate  of  cinchonia 
are  insoluble.  Hence  it  is  that  infusion  of  galls  precipitates  the 
decoction  of  cinchonia.t     H.  2.  310. 

2005.  In  the  yellow  bark  {cinchonia  eordifoUa)  M.  M«  Pel- 
letier  and  Caventou  discovered  a  salifiable  base,  which  is  term- 
ed Quinia.X  It  may  be  prepared  by  a  process  similar  to  that 
above  described  for  the  preparation  of  cinchonia.  When  dried 
it  is  a  white  porous  mass,  incapable  of  crystallization  from  its 
alcoholic  solution.  In  water  it  is  as  insoluble  as  cinchonia  but 
is  much  more  bitter ;  it  is,  however,  very  soluble  in  ether. 
Quinia  is  distinguished  from  cinchonia,  by  its  smaller  capacity 
of  saturtition,  360  parts  of  it  being  required  to  neutralize  the 
same  quantity  of  acid  as  315  of  cinchonia. 

0uiphato.  2006.  Sulphate  of  Quinia. — This  salt  is  considered  as  the 

most  active  form  of  the  salifiable  principle  of  bark§  and  may  be 
prepared  by  the  following  process  of  M.  Henry. 

The  bark  is  reduced  to  powder,  and  boiled  twice  for  about  a  qaarter  or  half 
an  hour  in  14  or  15  pints  of  water,  two  oancei  of  nulphorio  acid  being  added  to 
it  es\c\\  time.  The  decoctions  contain  the  sulphate  of  quinia,  are  of  a  reddi«h 
colour,  which  gradually  acquire  a  yellow  tint*  and  have  a  very  strong  bitter 

*  Brande*i<  Pkarmary^  61. 

t  Beo  ^n»  d€  CAtm.  «i  Phys.  zv.  S89,  337 ;  zvii.  973, 316 ;  snd  ^im.  of  Pkitot,  N.  B  U.  316.i|  H.  S. 

i  For  a  proeeM  for  dotcrmiaiDf  wbethor  bark  contains  quinia  see  Jitm.  PkiUt.  N.  8.  zii.  464- 

^  Mr  a.  Phillips  hot  given  a  paper  "on  Uie  meansofasoertnioinf  thepority  ofSolpbalaof  Qoioia'* 
in  Jiniu  PhiUa.  N.  8.  xit.iii. 

II  JititraU  of  Cinchonia  appean  to  be  aoeryrtanisable.  Gallie,  oxalic^  and  tartaric  acids  fiwm 
difficultly  soluble  salts  irith  cinohonia ;  the  precipitate  occasioned  by  droppinf  tiocUlM  of  galla  iattt 
infusion  of  pale  bark  is  a  galtaU  of  Cinekoni: 


tiCT.  ZTU.  Woodf.  SZt 

tttito.  They  an  to  be  Altered  throogh  e  Unen  cloth,  tnd  about  half  a  pound 
of  pulveriud  quicklime  ii  to  be  gradually  added  to  the  •olotioo :  the  aulpbate 
of  quioia  »  deoomposed,  the  alkali  beiuK  precipitated  along  with  the  sulphate  of 
line.  This  is  digested  repeatedlj  in  rectified  alcohol,  till  it  no  longer  inparta 
Mjjr  bitter  taste  to  this  fluid ;  the  alcoholic  solutions  are  then  OTaporated  till  a 
Ytfj  bitter,  brown  riscid  sutMtance'  is  obtained,  whioh  becomes  brilile  as  it 
cools.  This  is  the  quinia  separated  from  almost  all  the  other  ingredients  of  the 
bark ;  and  by  digesting  it  in  dilute  sulphurio  acid,  a  solution  of  the  sulphate  of 
quinia  is  obtained,  which  orjstallifes  on  OYaporation. 

Two  lbs  of  bark  yield  from  5  to  6  drachms  of  the  sulphate. 
It  consists  of  100  quinia  +  10,9  acid. 

2007.  Jlcetate  of  Quinia  forms  bundles  of  flat  acicular  crys-  Aotuu. 
tals,  while  the  corresponding  salt  of  cinchonia  crystallizes  in 
small  tables.     The  gallate,  oxalate  and  tartrate  qf  quinia,  are 
nearly  insoluble,  but  quinia  is  very  soluble  in  sulphuric  ether. 

2008.  In  the  red  bark  {cinchona  oblongifolia)  the  two  sali- 
fiable bases  above  described  are  found  united.* 

2009.  b.  The  bark  of  the  horse  chestnut  {JEsculus  hippo- 
east  anum,)  has  been  partially  examined  by  M.  Henry. t  It 
appears  to  contain  scarcely  any  resin  ;  water  and  diluted  alco- 
hol dissolve  nearly  the  whole  of  its  soluble  contents,  which  are 
chiefly  extractive  and  mucilage.  Tincture  of  galls  does  not 
render  its  infusion  turbid,  it  does  not  therefore  probably  contain 
the  peculiar  sub^jtances  discovered  in  Peruvian  bark. 

iii.    Woods. 

2010.  a.  Brazil  Wood  is  the  produce  of  the  Caesalpina  Bnaa  wesa. 
crista,  growing   in  Brazil,  in  the  isle  of  France,  Japan,  and 

other  countries :  the  wood  is  hard  and  heavy,  and  though  pale 
when  recent,  it  acquires  a  deep  red  colour  by  exposure.  Di- 
gested in  water  it  affords  a  fine  red  infusion,  of  a  sweetish 
flavour ;  the  residue,  which  appears  nearly  black,  imparts  much 
of  its  colour  to  alkaline  liquors.  With  alcohol  it  gives  a  deep 
red  tincture  :  alkalies  and  soap  convert  its  red  colour  to  a  fine 
purple,  hence  paper  tinged  with  Brazil  wood  is  sometimes  used 
as  a  test  for  alkalies  ;  acids  render  it  yellow  ;  alum  produces  a 
fine  crimson  lake  with  infusion  of  Brazil  wood ;  muriate  of  Cm 
forms  with  it  a  crimson  precipitate,  bordering  on  purple  ;  the 
salts  of  iron  give  a  dingy  purple  colour.  Sulphuretted  hydro- 
gen destroys  the  colour  of  infusion  of  brazil  wood,  but  it  re* 
appears  on  expelling  the  gas.^ 


*  i^mmrUrif  Jtmrmal  •f  Snmu  wmA  tki  JMt,  x.  388. 

t  OiSMrillc,  ths  ksrk  of  tb«  Oratwn  MlmUUrU  eooUans,  scconlliig  to  Tromnodojfi— jfmuilM  d* 

ldmi$f  izii> 

'      Partt. 

M oeikfB  and  bittsr  principlo 854 

KoMD 088 

VolatilooU TB 

Water 48 

Woody  fibia 3094 

40M 
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iienibiwood.  2011.  b.  Bed  Sandal f  or  Saunders,  is  the  wood  of  the 
Pterocarpus  santalinuSf  a  native  of  several  parts  of  India.  Its 
deep  red  colouring  matter  is  insoluble  in  water,  but  readily 
soluble  in  alcohol ;  it  is  chiefly  employed  for  colouring  a  few 
pharmaceutical  tinctures.  The  insolubility  of  its  colouring 
principle  in  water  furnishes  a  ready  mode  of  distinguishing  be- 
tween it  and  Brazil  wood ;  and  its  solubility  in  alcohol  renders 
it  probable  that  it  is  of  a  resinous  nature. 

bofwood.  2012.  c.  Logwood,  the  produce  of  the  Hamatoxylon  cam' 
pechianumy  has  already  been  noticed  as  containing  a  peculiar 
colouring  principle.  (1827.)  It  imparts  a  fine  purple  or  crim- 
son colour  to  pure  water,  but  its  tint  is  altered  by  the  sl^htest 
metallic  impregnation  ;  alkalies  deepen  it,  and  acids  render  it 
paler ;  alum  forms  with  it  a  violet-coloured  lake  ;  sulphate  of 
iron  renders  the  infusion  of  logwood  deep  purple,  or  nearly 
black ;  sulphate  of  copper  and  acetate  of  lead  throw  down  brown 
and  purple  precipitates ;  and  muriate  of  tin  precipitates  the 
whole  of  the  colouring  matter,  in  the  form  of  a  purple  com- 
pound. The  colours  which  logwood  produces  are  for  the  most 
part  very  perishable.* 

.  IV.    Leavxs. 


Inraa. 


NifhtolMde. 


BmiImii«« 


2013.  a.  Senna, — According  to  Lagranget  the  leaves  of  the 
Cassia  senna  are  characterized  by  containing  a  peculiar  extrac- 
tive principle,  which,  by  long  boiling,  passes  into  a  resinous 
substance,  in  consequence  of  absorbing  oxygen ;  they  also  con- 
tain a  resin  which  resists  the  action  of  water,  and  is  soluble  in 
alcohol ;  the  whole  of  the  soluble  matter  amounts  to  about 
one-third  the  weight  of  the  senna.  In  the  London  Medieal 
Repository  y  voL  xv.  169,  the  effects  of  the  various  re-agents  on 
infusion  of  senna  are  detailed^  by  Mr  Batley. 

2014.  b.  Nightshade. — The  leaves  of  the  Jitropa  Belladon- 
na contain  according  to  Yauquelinf 

i.     Vegetable  albumen. 

it.    A  bitter  narootio  principle. 

iii.  Nitrate,  muriate,  lulpbate,  binoxalate,  and  acetate  cf  potaaa. 

Dr  Brandos  has  announced  the  existence  of  a  new  vq^etaUe 
alkali  in  this  plant,  which  he  calls  atropia.  It  forms  brilliant 
acicular  crystals,  tasteless,  and  difficulty  soluble  in  water  and 
alcohol.  It  affords  distinct  salts  with  the  acids  ^  the  Sulphait 
of  Mropia  consists  of 

Sulphuric  acid •    •    36,52 

Atropia 38,93 

Water S4,55 

100,00 

2015.  e.  Hyoscyamus  Niger,  or  Henbane* — ^In  the  leaves  of 
this  plant  Dr  Brandos  has.  also  ascertained  the  presence  of  a 

•  Bancroft  m  PtrwutMnt  Cohurtt  ii.  336.    ClwTnnil,  AiM'  i»  Ckxm-  Izri.  SM. 

t  J^n.  dt  Ckim.  ixvu  t  wfMi.  it  Otim,  Ixxil. 
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peculiar  and  his^hly  poisonous  salifiable  base  which  he  calls 
hyosciama.  With  the  acids  it  forms  characteristic  salts ;  it 
crystallizes  in  long  prisms. 

2016.  Lnpulin  was  discovered    by  Dr  Ives*  and  M.  M.  LuimImi. 
Payen  and  Chevalier,  about  the  same  time,  in  the  leaves  of  the 
Humulus  Lupulus  or  common  hop.     It  is  extremely  bitter,  of 

a  yellow  colour,  and  has  an  aromatic  odour.  It  is  the  principle 
on  which  the  characteristic  properties  of  the  hop  depend. 

V.    Flowers. 

2017.  The  colouring  matter  of  most  flowers  is  extremely  fugi-  Coiowm 
tive,  and  is  generally  much  changed  by  mere  exsiccation.  They  aowwi. 
usually  communicate  their  colour  to  water ;  the  infusion  of  blue 
flowers  is  generally  reddened  by  acids,  and  changed  to  green  or 
yellow  by  alkalies ;  that  of  yellow  flowers  is  made  paler  by 
acids,  and  alkalies  render  it  brown  ;  the  red  infusion  of  many 
fowerai  is  exalted  ig  tint  by  acids,. and  changed  to  purple,  and 

in  some  instances,  to  green,  by  alkalies. 

It  is  probable  that  one  and  the  same  principle  gives  colour  to 
several  of  the  blue  and  red  flowers,  but  that  the  presence  of 
acid  in  the  latter  produces  the  red ;  the  petals  of  the  red  rose^^ 
triturated  with  a  little  carbonate  of  lime  and  water,  give  a  blue 
liquor  ;  alkalies  render  it  green,  and  acids  restore  the  red. 

2018.  A  colouring  matter  analogous  to  that  of  the  violet, 
exists  in  the  petals  of  red  clover,  in  the  red  tips  of  those  of  the 
common  daisy,  of  the  blue  hyacinth,  the  hoIly<hock,  lavender, 
in  the  inner  leaves  of  the  artichoke,  and  in  numerous  other 
flowers ;  reddened  by  an  acid,  it  colours  the  skin  of  several 
plums,  and  the  petals  of  the  scarlet  geranium  and  pomegranate. 
Some  flowers  which  are  red,  become  blue  by  merely  bruising 
them  ;  this  is  also  th^  case  with  the  colouring  matter  of  red 
cabbage  leaves,  and  of  the  rind  of  the  long  radish.  Mr  Smith-  * 
son  has  suggested  that  the  reddening  acid  is  in  these  cases  the 
carbonic,  which  escapes  on  the  rupture  of  the  vessels  which 
enclose  it.  , 

2019.  The  petals  of  the  common  corn-poppy ^  rubbed  upon 
paper,  give  a  purple  stain,  little  altered  by  ammonia  or  carbo- 
nate of  soda,  but  made  green  by  caustic  potassa.  The  infusion 
of  poppy-petals  in  very  dilute  muriatic  acid,  is  florid  red;  chalk 
added,  renders  it  of  the  colour  of  port  wine ;  carbonate  of  soda 
in  excess  gives  the  same  colour,  but  excess  of  potassa  changes 
it  to  green  and  yellow.  The  expressed  juice  of  the  black  mul- 
berry possesses  nearly  the  same  properties.t 

2020.  The  flowers  of  the  carihamus  tinctorius^  or  safflower^ 
cultivated  chiefly  in  Spain  and  the  Levant,  contain  a  yellow 
colouring  matter,  easily  soluble  in  water,  and  a  red,  soluble  in 
alcohol  and  weak  alkaline  liquors ;  the  latter  only  is  employed. 

•  JimtrkM  J0mnud  ^  ScUmu^  ii.  t  SmiOiMOt  PkH  Trttnt.  181?.  110. 
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Roofe.  Sauge  is  the  red  colouring  matter  of  the  carthamus,  obtained 
by  digesting  the  washed  flowers  in  solution  of  carbonate  of  soda, 
and  adding  lemon  juice,  which  throws  it  down  in  the  form  of  a 
finoipowder,  which  is  dried,  and  mixed  with  a  portion  of  pow- 
dered talc ;  carthamus  is  also  used  for  dyeing  silk.  The  details 
of  the  analysis  of  carthamus  will  be  found  in  the  Essays  of 
Dufour  and  Marchais.* 

PoitoniD.  2021.  Pollenin  is  prepared  from  the  polen  of  tulips,  and  was 

discovered  by  Dr  John.  It  is  distinguished  by  its  insolubility 
in  all  those  agents  which  arc  usually  employed  to  effect  the 
solution  of  other  vegetable  products,  and  is  highly  inflammable, 
burning  rapidly  with  a  large  flame.  When  exposed  to  the  air 
it  soon  passes  to  a  state  of  putrefaction  ;  and  by  destructive  dis- 
tillation, ammonia  is  disengaged,  along  with  some  of  the  usual 
products  that  arise  from  the  decomposition  of  animal  matter.t 

vi.     Seeds. 

2022.  Starch  is  an  essential  component  of 'the  greater  number 
of  seeds,  and  it  is  generally  united  in  them  with  a  variable  por- 
tion of  gluten,  and  often  of  fixed  and  of  volatile  oil.  The  com- 
ponent parts  of  wheat-flower,  and  of  several  esculent  grains,  have 
already  been  stated  (1803,)  and  a  variety  of  curious  details  re- 
specting them  will  be  found  in  Einhovf's  Papers^  in  Geh- 
len's  Journal. 

Sir  H.  Davy  has  also  examined  a  number  of  seeds  with  a  view 
to  determine  their  relative  nutritive  powers  :   for  the  results 
of  his  experiments  see  Agricultural  Chemistry,  4to.  131. 
AimoBdt.  2023.  •/Almonds,  the  seeds  of  the  amygdalus  communis^ 

consist  of  an  albuminous  substance  and  oil ;  the  latter  may  be 
obtained  by  expression,  five  pounds  yielding  about  one  pound 
of  cold  drawn  oil,  and  about  a  pound  and*a  half  when  aided  by 
heat.  The  bitter  almond  affords  by  pressure  an  oil  analogous 
to  that  from  the  former  ;  but  if  the  expressed  cake  be  distiiled 
with  water,  a  portion  of  volatile  oil  eminently  poisonous,  and 
smelling  strongly  of  the  almond,  is  obtained  ;  this  oil  is  used  as 
a  flavouring  material  by  confectioners,  and  by  the  manufacturers 
of  noyau4 

2024.  The  seeds  of  the  white  lupine  {Ivpinus  albus)  contain, 
according  to  Fourcroy  and  Vauquelin§,  gluten  and  a  green  acrid 
-oil,  with  a  considerable  portion  of  phosphate  of  lime  and  mag- 
nesia, but  no  starch  or  sugar. 

■        ■         ■  ■  ■ —       «   — -^.^.—.^.^^ 

*  Jinn,  de  Chim  xlviii. 

t  ChloropkyUe  is  a  torin  which  is  iipplicd  to  the  gro«n  colouring  matter  of  plants,  and  is  obtained  \rf 
-subjecting^  tho  green  parts,  especially  tlio  IcavLiC,  to  preiwuro  aJonf  with  wator,  treating  the  rraidne 
with  alciihol,  au<]  oi'ajiuratinj;  Iho  sululion.  It  is  piiriiied  from  a  brown  colouring  mattor  by  warn 
wator.  It  is  Hift,  vijicid,  and  uf  n  fine  groen  colour,  soluble  in  sulphuric  acid  without  being  decom- 
posed, awl  is  precipitatiui  by  water  and  solutions  of  the  alkalies.  It  is  vi^'jr  soIuMc  in  aleobol  and 
ether,  but  is  s{»nrMiiiiy  ilissolved  by  water. 

X  In  the  P^iilutopkieal  Tranaactiona  for  1811,  Mr  Brodie  bas  detailed  a  variety  of  experimenla 

illustrative  of  its  action  ax«  a  iwisun,  In  which,  ai  well  aa  from  its  odonr  it  appears  Jdenfical  noaiH 

h.  •  with  hydrocyanic  acid.  %  AwM.  Ai  Jtfiieiaai,  No. : 
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2005.  Coffeef  the  seed  of  the  Coffea  Arabica  has  been  ex-  coiba. 
amined  both  in  its  raw  and  roasted  state.     From  64  parts  of  raw 
coffee,*  Cadet  obtained 

Gam 8, 

ResiD  and  bitter  eitraot 2,0 

Gallic  acid 3,5 

Insoluble  matter 43,5 

Lofs  including  a  trace  of  albumen    .    .    •    •    7,0 

"sT 

Hermann  has  given  the  following  comparative  analysis  of  cof- 
fee from  the  Levant  and  from  Martiniquoyt  the  results  of  which 
differ  much  from  those  of  Cadet  : 

Levaot.  IftartiaJtitta. 

Reain 74 68 

KstractiT^      .    •    •    320 3 10 

Gum 130 144 

Fibrous  matter    •    .  1335  •    .     .    .    '.    .     1386 

Lou 61 12 

1920  1920 

When  coffee  is  roasted  it  undergoes  a  peculiar  change  of 
composition  attended  by  the  formation  of  tan,  and  a  volatile, 
fragrant,  and  aromatic  principle ;  but  in  this  state  it  has  not 
been  examined  with  any  precision. 

2026.  Cafeine  is  a  new  principle  which  was  discovered  in  csium. 
coffee  by  Robiquet.     It  is  white,  volatile,  and  crystalli^able, 

and  is  particularly  distinguished  by  the  large  quantity  of  nitro-  J 

gen  which  it  contains,  being  greater  than  that  in  almost  any  ' 

other  vegetable.  According  to  Dumas  and  Pelletier,  it  consists 
of  27,14  oxygen,  4,81  hydrogen,  46,51  carbon,  and  21,54 
nitrogen. 

2027.  Mustard. — The  seed  of  the  sinapis  nigra  derives  itq  Miutaid. 
acrimony  from  volatile  oil ;  it  also  contains  a  tasteless  fixed  oil, 
albumen,  gum,  and  traces  of  sulphur  and  earthy  salts. 

2028.  The  seeds  of  the  lycopodixim  clavatum^  or  common  Lyeepodimn. 
club  moss  have  been  analyzed  by  Bucholz.}     From  1000  parts 

he  obtained 

Fixed  oil .•    •    •      ^0 

Sutrar 30 

Mucilage tlS  .  * ' 

loftoluble  retidue       895 

1000 

This  seed  has  the  appearance  of  a  fine  yellow  powder,  which 
deflagrates  when  projected  into  the  flame  of  a  candle;  it  is  used 
in  theatres  to  imitate  lightning ;  and  the  German  apothecaries 
employ  it  to  prevent  the  adhesion  of  pills. 

2029.  J^nnotta  is  the  produce  of  the  bixa  orellana^  a  tree  auboiu. 
cultivated  in  various  parts  of  America.'    When  the  capsules  are 
ripe,  the  seeds  are  bruised  and  steeped  for  several  weeks  in 
water,  until  converted  into  a  pulp,  which  is  allowed  to  putrefy, 

•  .«»«.  de  CkiM.  Win.  t  Crell*i  jf jMclet,  ii.    .  ^   X  G«Ueo*t  J0mmml,  tx. 
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And  being  difilised  throu^^h  a  fresh  portion  of  water,  is  heated 
till  a  scum  rises,  which  is  successively  removed  as  it  forms,  and 
being  carefully  dried,  is  made  up  into  cakes,  and  wrapped  in 
palm  leaves  for  exportation. 

Annotta  is  soluble  in  water  and  alcohol ;  the  solutions  have  a 
disagreeable  smell,  and  are  of  an  orange  colour;  alkalies  render 
it  more  soluble  and  increase  its  colour ;  alum  and  the  acids 
separate  it  from  its  solutions  in  the  form  of  a  yellow  sediment; 
it  is'used  for  dyeing  silk  and  colouring  cheese. 

2030.  Citisin  was  discovered  by  M.  M.  Payen  and  Cheva- 
lier in  the  seeds  of  the  Cytisus  Laburnum,  Its  colour  is  yel- 
low, and  it  has  a  disagreeable  taste;  it  is  soluble  in  water,  alco* 
hoi  and  ether.  It  is  easily  decomposed  by  heat,  and  the  strong 
acids  produce  the  same  effect. 

vii.     Fruits. 


Their  cob- 
ttato. 


Frnita'con- 
fiBin  tttf  ar. 


Colonrtng 
mattef. 


Bap  grew. 


Elatntun, 


2031.  The  acid  matter  contained  in  fruits  is  cither  4he  tarta* 
ric,  oxalic,  citric,  or  malic  ;  or  a  mixture  of  two  or  more  of 
them ;  but  the  nature  and  proportion  of  the  acid  varies  at  dif- 
ferent periods  of  their  growth  ;  gluten  and  starch  are  found 
in  some  fruits,  and  a  gelatinizing  substance,  which  has  some- 
times been  regarded  as  identical  with  animal  jelly,  but  which  is 
probably  a  compound  of  gum  and  one  or  more  vegetable  acids. 

2032.  Most  of  our  comn^on  fruits  also  contain  sugar,  and  it 
exists  in  all  those  the  juice  of  which  is  susceptible  of  vinous  fer- 
mentation. In  some  fruits  the  quantity  of  sugar  is  increased  by 
mashing  and  exposiure  to  air ;  this  is  remarkably  the  case  with 
some  of  the  rough-flavoured  apples  used  for  cider,  the  pulp  of 
which  becomes  brown,  and  at  the  same  time  sweet  by  a  few 
hours'  exposure. 

2033.  The  colouring  matter  of  fruits  seems  in  most  cases  to 
bear  a  strong  resemblance  to  that  of  flowers.  The  red  juice  of 
the  mulberry  was  found  to  exhibit  the  same  characters  as  the 
colouring  principle  of  the  wild  poppy  ;  carbonated  alkalies 
render  it  blue,  but  caustic  potassa  changes  it  to  green  and  yel- 
low: the  juice  of  red  currants,  cherries,  elder-berries,  and  privet- 
berries,  and  the  skin  of  the  buckthorn  berry,  appear  to  contain 
a  similar  colouring  principle. 

2034.  The  unripe  berries  of  the  buckthorn  furnish  a  juice, 
which,  when  inspissated,  is  known  under  the  name  of  sap 
green.  It  is  soluble  in  water,  and  rendered  yellow  by  carbo- 
nate of  soda  and  caustic  potassa ;  the  aqids  redden  it,  and  car- 
bonate of  lime  restores  it  to  green,  which. is  therefore  probably 
the  proper  colour  of  the  substance.*  ' 

2035.  The  fruit  of  the  wild  encumber  {cucumis  elaterium) 
furnishes  a  very  acrid  juice,  which  deposits  the  powerful  cathar- 
tic  known  under  the   name  of  elaterium.      This  substance 


»  Smilbiao,  PkiU  Trans.  1816,  p.  116. 
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occurs  ia  commerce  in  thin  cakes,  of  n  greenish  colour  and 
bitter  taste ;  it  derives  its  cathartic  power  from  a  small  portion 
of  a  vkry  active  principle,  which  Dr  Paris  has  called  Elaiin  :* 
from  10  grains  of  elaterium  he  obtained 

Water 0,4 

Extractive 2,6 

Feciila e^8 

Gluten      .  • 0,5 

Woodj  matter 2,5 

ElatlD  >  .  a 

Bitter  principle  J        ........    -  '>» 

10. 

2036.  Zeine  was  discovered  by  Prof.  Gorham  in  the  Zea  3MBa. 
Mays  or  indian  corn.     It  may  be  procured  by  infusing  the 
grain  in  water,  filtering,  and  digesting  the  insoluble  residue  in    * 
alcohol,  and  evaporating  to  dryness.    It  is  of  a  yellowish  colour^ 
insipid,  soft  and  elastic.t 


viii.     Bulbs. 


• 


2037.  The  potato^  which  is  the  bulbous  root  of  the  solanum  p<><*^- 
tuberosum^  has  been  examined  by  Dr  Pearson  and  by  M.  Ein- 
boff  3  from  100  parts,  the  latter  chemist  obtained 

Starch>  matter 2t 

Albumen  and  mucilage 5,4 

87,4  -» 

The  average  quantity  of  nutritive  matter  contained  in  the 
potato,  amounts  to  about  one  fourth  its  weight.  When  pota< 
toes  become  sweet  by  exposure  to  frost,  a  portion  of  mucilage 
passes  into  the  state  of  sugar,  for  Einhoff  found  the  quantity  of 
starch  undiminished. 

2038.  Garlic  or  the  bulbous  root  of  the  allium  sativum^  has  o«ri>o. 
been  examined  by  Cadet.]:     It  loses  by  drying  about  two-thirds 

of  its  weight ;  its  juice  is  viscid,  and  very  slightly  sour ;  it 
yields  coagulated  albumen  when  heated,  and  when  distilled 
with  water  furnishes  an  acrid  oil  having  a  strong  odour  of  garlic. 

2039.  The  bulb  of  the  Jlllium  Cepoj  or  Onion^  has  been 
analyzed  by  Fourcroy  and  yauquelin.§  The  juice  of  this  root 
when  exposed  to  a  temperature  of  about  70^,  forms  a  quantity 
of  vinegar,  and  deposits  a  sediment  having  the  characters  of 
gluten  combined. with  oil  and  sulphur.  In  the  acetous  solution 
is  contained  a  substance  having  the  properties  of  manna,  and 
which  is  probably  a  product  of  the  fermentation,  for  none 
could  be  detected  in  the  recent  juice. 

2010.  Squillj  the  bulbous  root  of  the  Scilla  mariiima  con* 
tains,  according  to  Vogel,||  a  peculiar  bitter  principle,  which  he 
terms  Scillitin^  combined  with  gum,  and  a  considerable  portion  scOiidB. 
of  tannin. 

*  PharmaeoUgia^  S33, 3d  edit.  t  A*.  £.  Journal  •/  Medidnt. 

\  Ann.  d€  Ckim,  lix.  %  Amu  io  Ckim,  Ixr.  JUAnrndt  Cite.  Ixxxir. 
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■ 

ix.     Lichens. 

2041.  There  are  several  lichens  which  abouod  in  colouring 
matter ;  of  these  the  most  remarkable  is  the  Lichen  rocelia^ 
which  grows  in  the  South  of  France  and  in  the  Canary  Islands, 
and  which  affords  the  beautiful  but  perishable  blue  called  litmus^ 

Arehii.  archUj  or  turnsole-  The  moss  is  dried,  powdered,  mixed  with 
pearlash  and  urine,  and  allowed  to  ferment,  during  which  it 
becomes  red,  and  then  blue  ;  in  this  state  it  is  mixed  with  car- 
bonate of  potassa  and  chalk,  and  dried.  It  is  used  for  dyeing 
silk  and  ri bunds,  and  by  the  chemist  as  a  most  delicate  test  of 
acids,  which  it  indicatefl  by  passing  from  blue  to  red  ;  the  blue 
colour  is  restored  by  alkalies,  which  do  not  render  it  green. 
Cudbear  appears  to  be  a  similar  preparation  of  the  lichen  iar^ 
tareus.^ 

Mr  Smithson  has  thrown  some  doubt  upon  the  use  of  alka- 
•  lies  in  the  precipitation  of  litmus,  for  he  found  its  tincture  pro- 
duce no  change  on  solutions  of  muriate  of  lime,  nitrate  of  lead, 
muriate  of  platinum  and  oxalate  of  potassa ;  he  at  the  same 
lime  suggests  the  idea  of  its  being  a  compound  of  a  vegetable 
principle  with  potassa.t 

rMiandraoM.  2042.  The  Lichen  IslandicuSy  or  Iceland  Moss  has  been 
subjected  to  analysis  by  Berzelius.}  He  obtained  from  it  the 
following  substances: 


Sirup 

Bi  thrlrdle  of  potaxta 
Tartrate  or  lime  .     . 
Fho«<|ha1e  of  lirse    . 
Bitter  priiicipW    .    • 


3,e 

1,9 
3,0 


Wax 1,6 

Gum 3,7 

Coioiiring  eitraot  .    ^      7,0 
Starch  ......     44,0 

Insoluble  starchj  matter  36,6 


IQtfi 

X,     Fi7NOi  or  Mushrooms. 

2043.  M.  Braconnot  who  has  examined  many  fungi  with 
minute  attention^  has  given  the  name  fungin  to  the  insoluble 
spongy  portion  which  they  contain,  and  which  in  many  respects 
resembles  lignin  :  he  has  also  detected  in  them  two  peculiar 
FuDficacid.  acids,  whlch  he  terms  fungic  acid  (1980)  and  boletic  acid 
(1979);  the  method  of  extracting  which  has  been  above  de- 
scribed. A  peculiar  fatty  matter,  or  adipocere,  has  been  found 
by  Vauquelin  and  Braconnot,  in  several  of  the  fungi;  an 
albuminous  substance,  and  salts,  some  of  which  are  boletates 
and  fungates,  have  also  been  detected  in  them,  but  the  analyses 
are  too  abstruse,  and  the  results  too  complicated,  to  be  regarded 
as  perfectly  satisfactory. § 

*  Bancroft  on  Colourt^  i.  300.  t  Pkit,  Trms,  1818,  p.  119. 
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Section  XV  II  I.  Phenomena  and  Products  of  Fermentation* 

2044.  The  term  fermentation  is  employed  to  signify  the  Fenn«nta-, 
spoDtaaeous  changes,  which  certiain  vegetable  solutions  undergo,  ^'^' 
placed  under  certain  circumstances^  and  which  terminate  either 

in  the  production  of  an  intoxicating  liquor,  or  of  vinegar ;  the 
former  termination  constituting  trinotu,  the  latter  acetous  fer-  ^^^.^^ 
mentation. 

The  principal  substance  concerned  in  vinous  fermentation  is 
sugar ;  and  no  vegetable  juice  can  be  obade  to  undergo  the 
process,  which  does  not  contain  it  in  a  very  sensible  quantity. 
In  the  production  of  beer,  the  sugar  is  derived  from  the  malt ; 
in  that  of  wine,  from  the  juice  of  the  grape. 

2045.  In  the  manufacture  of  Aeer,  the  malt  is  ground  and  Beer, 
infused  in  the  mash-tunj  in  rather  more  than  its  bulk  of  water, 

of  the  temperature  of  160^  or  180^.  Here  the  mixture  is 
stirred  for  a  few  hours ;  the  liquor  is  then  run  off,  and  more 
water  added,  until  the  malt  is  exhausted.  These  infusions  are 
called  toorty  and  its  principal  contents  are  eaecharine  matter,  woru 
starch,  mucilage,  and  a  small  quaotity  of  gluten*  The 
strength  of  the  wort  is  adjusted  by  its  specific  gravity,  which 
is  usually  found  by  an  instrument,  not  quite  correctly  called  a 
saccharometer,  since  it  is  influenced  by  all  the  contents  of  the  j 

wort,  and  not  by  the  sugar  only.*  % 

The  wort  is  next  boiled  with  hops,  amounting  upon  the 
average,  to  ^'^^  the  weight  of  the  malt,  their  use  being  to  cover 
the  sweetness  of  the  liquor  by  their  aromatic  bitter,  and  to 
diminish  its  tendency  to  acidify.  The  liquor  is  then  thrown 
into  large,  but  ^ery  shallow,  vessels,  or  coolers,  where  it  is 
cooled  to  aboirt  50^,  as  quickly  as  possible ;  it  is  then  suffered 
to  run  into  (he  fermenting  vat,  having  been  previously  mixed 
with  a  proper  quantity  o(  i/east,  which  accelerates  fermentation, 
apparently  by  virtue  of  the  gluten  which  it  contains. 

In  the  fermenting  vessel,  the  different  substances  held  in 
solution  in  the  liquor  begin  to  act  upon  each  other;  an  intestine 
motion  ensues,  the  temperature  of  the  liquor  increases,  carbonic 
acid  escapes  in  large  quantities  ;  at  length  this  evolution  of  gas 
ceases,  the  liquor  becomes  quiet  and  clear,  and  it  has  now  lost 
much  of  its  siVeetness,  has  diminished  in  specific  gravity, 
acquired  a  new  flavour,  and  become  intoxicating. 

2046.  The  distillers  prepare  a  liquor,  called  wash,  for  the  ^^. 
express  purpose  of  producing  from  it  ardent  spirits  ;  instead  of 

*  ll  it  a  Brass  instrument,  of  the  ihape  abown  id  fig.  196,  lo  adjiigtod  in  weight  at  to  eink  to  tbe  «  .y- 
poiDt  marked 0^,  in  distilled  water*  at  the  temperature  of  70^,  and  when  iionicrsed  in  a  liquor  of  the 
same  temperaturot  and  of  the  speciGe  gravity  of  1|100,  it  is  buoyed  up  to  tho  mark  100,  just  above 
the  bulb.  The  intermediate  space  is  divided  into  100  equal  parts,  and  coiisequeoUy  will  indicat* 
intermed^lB  degrees  of  speeilie  gravity.  This  b  the  most  osofnl  form  of  the  instrument,  though  not 
that  in  common  use.  Tlie  specific  gravity  of  the  wort  for  ale  it  usually  about  1  OW  to  ItlOOi  and  for 
table  beer  from  l.QSO  to  1,030. 
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brewing  this  from  pure  malt^  they  chiefly  employ  raw  grain, 
mixed  with  a  small  quantity  only  of  malted  grain ;  the  water 
employed  in  the  mash-tun  is  of  a  lower  temperature  than  that 
requisite  in  brewing,  and  the  masKing  longer  continued  ;  by 
which  it  would  appear  that  a  part  of  the  starch  of  the  barley  is 
rendered  into  a  kind  of  saccharine  matter.  The  wort  is  after- 
wards fermented  with  yeast.. 
WiM.  2047.   Wine  is  principally  procured  from  the  juice  of  the 

grape,  and  some  other  saccharine  and  mucilaginous  juices  of 
fruits.  The  principal  substances  held  in  solution  in  grape  juice 
are,  sugar ^  gurriy  gluten,  and  bi-tartrate  ofpoteissa.  It  easily 
ferments  spontaneously  at  temperatures  between  60^  and  80% 
and  the  phenomena  it  gives  rise  to  closely  resemble  those  of  the 
wort  with  yeast.  After  the  operation,  its  specific  gravity  is 
much  diminished,  its  flavour  changed^  and  it  has  acquired 
intoxicating  powers.* 

2048.  If  a  mixture  of  1  part  of  sugar,  4  or  5  of  water,  and 
a  little  yeast,  be  placed  in  a  due  temperature,  it  also  soon 
begins  to  ferment,  and  gives  rise  to  the  same  products  as  wort 
or  grape-juice  ;  and,  as  the  free  admission  of  air  is  not  necessary 
to  vinous  fermentation,  its  results  may  easily  be  examined  by 
sufiering  the  process  to  go  on  in  the  apparatus,  fig.-127,  consist- 
ing of  a  matrice  containing  the  fermenting  mixture,  with  a  bent 
tube  issuing  from  it,  and  passing  into  an  inverted  jar  standing 
in  water. 

«MMM  pro-      It  will  thus  be  found  that  the  only  gaseous  product  is  carbonic 
AMitotioo.'^'  acid ;  and  consequently,  that  carbon  and  oxygen  are  the  princi-. 
pies  which  the  saccharine  matter  loses  during  the  process. 

2049.  When  any  of  the  above-mentioned  fermented  liquors 
are  distilled,  they  afford  a  spirituous  liquor  ;  that  from  wine  is 
Vtvmed  brandy  ;  from  the  fermented  juice  of  the  sugar-cane 
we  obtain  rum ;  and  from  wash,  malt  spirit ;  and  these 
spirituous  liquors,  by  re-distillation,  furnish  spirit  of  wine^ 
ardent  spirit y  or  alcohol. 

2050.  The  difierent  fermented  liquors  furnish  very  different 
proportions  of  alcohol,  and  it  has  been  sometimes  supposed 
that  it  does  not  pre-exist  to  the  amount  in  which  it  is  obtained 
by  distillation  ;  but  some  experiments  made  by  Prof.  Brande 
upon  the  subject,  in  1811  and  1813,  and  which  are  printed  in 
the  Philosophical  Transactions  for  those  years,  tend  to  show 
that  it  is  a  real  educt,  and  not  formed  by  the  action  of  heat 
upon  the  elements  existing  in  the  fermented  liquor.t 


ft  Tu*  *  '^^  vogetuble  oxtract  eztating  in  the  recent  or  expreewd  juice  of  the  grape,  is  oomidrred  by  Dr 

Maccatloch  und  M.  Thenard  aa  the  proper  fermentatire  priocipie.  The  laat  of  thcee  chMnisli 
^  laTtpoBei  that  thie  extract  tendi  to  excite  formeotation  in  oooaeqaence  of  it*  baFing  iho  ponrer  of 
abntractjog,  by  means  of  ita  hydrogen  and  carbon,  a  portion  of  oxygen  from  the  ai^gar  of  the  most. 
In  thia  way  the  direiient  affinitiea  of  the  ingrcdtenta  of  the  sugar  are  brought  into  action.  A  part  of 
ita  oxygen  and  carb<in  is  evolved  in  a  gaaoous  form,  while  its  hydrogen  and  the  remainin^^Men  and 
carbon  are  converted  into  alcohol  — Brewster's  Jowr.  1, 164.  ^r 

t  For  the  proportion  of  alcohol  exiating  in  several  kindi  of  wine  and  other  ll^tton,  ■••  P«odecson*i 
table  in  Brewster*B  Jwr.  vol.  1, 166. 
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3051.  ^kohoL'^The  principle  upoo  whieh  the  iii!oic!«aiing  aioqIioi. 
properties  of  fermented  liquors  depend,  and  which  exists  iu    ^ 
ardent  spirits,  is  in  its  purest  form  called  alcohol.     It  may  be  ' 
obtained  by  distilling  the  reclified  spirit  6/ wine  of  commerce^ 
with  one-fourth  of  its  weight  of  dry  and  warm  carbonate  of 
potassa  ;  about  three-fourths  may  be  drawn  over.*    There  are 
other  substances  which  may  be  used  as  substitutes  for  the  ear* 
bonate,  especially  chloride  of  calcium. 

205d.  It  has  been  found  also  that  spirit  of  wine  of  sp«  gr.  667 
when  inclosed  in  a  bladder,  and  exposed  for  some  time  to  the 
air,  is  converted  into  alcohol  of  sp.  gr.  0,817,  the  water  only 
escaping  through  the  coats  of  the  bladder.t 

2053.  Alcohol  obtained  by  slow  and  careful  distillation,  is  a 
limpid,  colourless  liquid,  of  an  agreeable  smell,  and  a  strong 
pungent  flavour.  lis  specific  gravity  varies  with  its  purity ; 
the  purest  obtained  by  rectification  over  chloride  of  calcium 
being  791 ;  as  it  usually  occurs  it  is  «820  at  60^  If  rendered 
as  pure  as  possible  by  simple  distillation,  it  can  scarcely  be 
obtained  of  a  lower  specific  gravity  than  ,825,  at  60^. 

2054.  Mr  Hutton  is  said  to  have  succeeded  in  freezing  alco-  Efreetof 
hoi,  but  the  fact  is  regarded  as  doubtful,  as  the  means  by  which  ^''* 
he  efi*ected  its  congelation  were  never  disclosed.     Mr  Walker 
exposed  it  to  a  temperature  of — 91   but  no  congelation  took 
place.     Even  when  diluted  with  an  equiA  weight  of  water,  it 

requires  a  cold  of  6^  below  0  to  congeal  it.     When  of  a  specific  ^ 

gravity  of  ,825,  it  boils  at  the  temperature  of  176^,  the  baromet-  " 

rical  pressure  being  30  inches.  In  the  vacuum  of  an  air-pump 
it  boils  at  common  temperatures.  The  specific  gravity  of  the 
vapour  of  alcohol,  compared  with  atmospheric  air,  is  4,6134 

2055.  Alcohol  may  be  mixed  in  all  proportions,  with  water,  condematioa 
and  the  specific  gravity  of  the  mixture  is  greater  than  the  mean  ^^J|^| 
of  the  two  liquids,  in  consequence  of  a  diminution  of  bulk  that 

occurs  on  mixture,  as  may  be  shown  by  the  following  experi- 
ment : 

F\^»  138  repretetits  a  tnbe  with  two  bulbs,  comnrranicatinir  with  Aaeh  other, 
the  upper  one  being  supplied  with  a  weU-^roaiid  t^lasa  itopper.    Fill  the  tube      ^ 
and  lower  bulb  with  water,  poor  alcohol  slowly  into  the  upper  bulb,  and  when  ^-  ^'**' 
full  put  in  the  stopper.    The  Tessel  will  now  be  completely  filled,  the  alcohol  , 

Ijin^  upon  the  water ;  if  it  be  inverted,  the  alcohol  and  water  will  slowly  mix 
and  the  condensation  that  ensues  will  be  indicated  by  the  empty  space  in  the 
tube.  A  considerable  rise  of  tenipe^ture  takes  place  in  this  experiment,  ia 
consequence  of  the  condensation. 

2056.  The  Strength  of  such  spirituous  liquors  as  consist  of  gt^igtii, 
little  else  than  water  and  alcohol,  is  of  course  ascertained  by  how 

'  their  specific  gravity  ;  and  for  the  purpose  of  levying  duties 
upon  them,  this  is  ascertained  by  the  hydrometer;  an  instru* 
ment  constructed  on  the  same  principle  as  that  described  at 
page  535  {note,)  But  the  only  correct  mode  of  ascertaining 
the  specific  gravity  of  liquids,  is  by  weighing  them  in  a  deli- 

*  Aaeording  to  M.  ITemmans  it  U  bo^t  to  adrl  a  Kttin  en  antic  potauMi  or  totiu.    Bull.  Unit.  S. 
TiH.  969  t  QiMrt.  Jrar.  viii.  361,  and  Henderaon*t  Htttory  of  wiii9^  Lond.  18S4.. 

}  Gay-Lossaci  JhimaieM  tU  ChiiaU  et  rkys. 
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cate  balance  against  an  equal  volume  of  pure  water,  of  a  similar 
temperature.* 
*  2057.  There  are  other  .methods  of  judgin^r  of  the  strength  of 
spirituous  liquors,  which,  though  useful,  are  not  accurate,  such 
as  the  taste,  the  sisse  and  appearance  of  the  bubbles  when  shaken, 
the  sinking  or  floating  of  olive  oil  in  it,  and  the  appearances 
it  exhibits  when  burned  ;  if  it  burns  away  perfectly  to  dryness^ 
and  inflames  gunpowder  or  a  piece  of  cotton  immersed  in  it,  it 
is  considered  as  alcohol :  the  difierent  spirituous  liquors  leave 
variable  proportions  of  water  when  thus  burned  in  a  graduated 
vessel.t 

Oombttsdon  2058.  Alcohol  is  extremely  inflammable,  and  bums  with  a 
^^*  pale  blue  flame,  scarcely  visible  in  bright  day-light.  It  occa- 
sions no  fuliginous  deposition  upon  substances  held  over  it,  and 
the  products  of  its  combustion  are  carbonic  acid  and  water,  the 
weight  of  the  water  considerably  exceeding  that  of  the  alcohol 
consumed.  According  to  Saussure,  jun.  100  parts  of  alcohol 
afibrd,  when  burned,  136  parts  of  water,  the  production  of 
which  may  be  shown  by  substituting  the  flame  of  alcohol  for 
that  of  hydrogen,  in  the  apparatus  described  in  the  first  of  the 

Pi.4,flff.tt.  work,  under  the  Article  Water  (389),  and  if  the  tube  at  its 
extremity  be  turned  down  into  a  glass  jar.  it  will  be  found  that  a 
current.of  carbonic  acid  passes  out  of  it,  which  may  be  rendered 
evident  by  lime  watdr. 

There  are  some  substances  which  communicate  colour  to  the 
flame  of  alcohol ;  from  boraric  acid  it  acquires  a  greenish  yel- 
low tint;  nitre  and  the  soluble  salts  of  baryta  cause  it  to  burn 
yellow,  and  those  of  strontia  give  it  a  beautiful  rose  colour  ]  * 
cupreous  salts  impart  a  fine  green  tinge. 

2059.  Alcohol  dissolves  pure  soda  and  potassa,  but  it  does 
not  act  upon  their  carbonates :  consequently,  if  the  latter  be 
mixed  with  alcohol  containing  water,  the  liquor  separates  into 
two  [>ortions,  the  upper  being  alcohol  deprived  to  a  considerable 
extent,  of  water,  and  the  lower  the  aqueous  sol^ution  of  the  car- 
bonate.   The  alcoholic  solution  of  caustic  potassa  was  known  in 

Tinctnreof    old  pharmacy  under  the  name  of  Van  Helmont's  Tincture  of 
Tartar.     Its  use  in  purifying  potassa  has  already  been  stated 

*  In  the  Philotopkieal  TVansactions  far  1794,  Mr  Gilpin  has  given  a  copious  and  raluable  tenMof 
tables  of  the  specific  gravity  of  mixtures  of  alcohd)  and  water,  and  of  the  condensation  that  ensuea, 
with  sereral  otlier  particulars.  These  are  extremely  useful,  as  enabling  us  to  ascertain,  without 
difficuUy,  the  relative  quantity  of  alcohol  contatnod  in  any  mixture  of  known  S|iecific  gravity. 

t  There  is  the  greatest  difficulty  in  aiccrtaining  what  is  meant  by  the  term  pr0of  spirit.  Dr 
Thomson,  quoting  thv  Act  of  Parliament  of  17G3  (Sys <nR,  ii.  319,)  states,  that  at  the  tcmpOTatura  of 
60^,  the  specific  gravity  of  proof  Kplrit  should  be  0,916 ;  and  he  also  obstrves,  that  proof  fpiril  ujtuall? 
means  a  mixture  oCegual  bnlls^  of  alcohol  and  water ;  bot  ilie  specific  gravity  of  such  a  mixture  will, 
of  coursr,  depend  upon  that  uf  the  staadard  alcohol,  which  is  not  specified*  If  appears  ftom  Gilpin*s 
Tablet^  that  spirit  of  the  specific  g'aviiy  ,9)6  at  60°,  consists^y  wtigktotldO  parts  of  alcohol,  spfcifie 
grnvity  ,R25.  at  60^,  nrd  \5  of  walor ;  and,  by  meofHre^  of  100  parts  of  the  same  alcohol,  aad  61,87  of 
water.  Trom  the  TiSUm  of  Lowitz,  quoted  by  Pr  Thomson,  from  CrelPs  JInnait  (ITP6,  i.  SQ3,}  we 
learn  that  equal  weijrbts  of  alcohol,  specific  gravity  ,796.  at  00^,  (and  which  may  be  regarded  as  pv 
alcohol,)  and  water,  have  a  s|H>cific  gravityof  ,917,  which  is  very  near  legal  proof,  and  which,  accord* 
ing  to  Gilpin's  TabUs^  contains  63,8  parts  per  c«nt.  of  his  alcohol,  by  mecsurs. 
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(960) ;  if  it  be  long  kept  it  deposits  small  crystals  of  carbonate 
of  potassa,  and  becomes  nearly  black,  from  the  decompositioa 
of  a  portion  of  alcohol ;  the  greater  number  of  sulphates  are 
insoluble  in  this  menstruum,  but  it  dissolves  many  of  the  muri- 
ates and  nitrates.  It  also  dissolves  the  greater  number  of  the 
acids.  It  absorbs  many  gaseous  bodies.  It  dissolves  the  vege- 
table acids,  the  volatile  oils,  the  resins,  tan,  and  extractive  mat" 
ter,  and  many  of  the  soaps;  the  greater  number  of  the  fixed 
oils  are  taken  up  by  it  in  small  quantities  only,  but  some  dis- 
solve largely.* 

2060.  When  the  vapour  of  alcohol  is  passed  through  a  red-  DeeouiKMi- 
hot  copper  tube,  it  is  decomposed,  a  portion  of  charcoal  is  "^'^' 
deposited,  and  a  large  quantity  of  carburetted  liydrogen  gas  ^ 
is  evolved. 

2061.  The  composition  of  alcohol  was  investigated  by  Saus- 
sure  and  Oay-Lussac  by  passing  the  alcohol  through  a  red-hot 
porcelain  tube,  terminating  in  a  glass  tube  six  feet  long  and 
surrounded  by  ice ;  all  the  products  were  carefully  collected 
and  weighed.  The  result  of  this  analysis  was,  that  100  parts 
of  pure  alcohol  consist  of 

Hydrog;en 13,70  ConpoHtioa* 

Carbon 51,98 

Oiygen 34,32 

100,00t 

These  numbers  approach  to  3  proportionals  of  hydrogen  s  3 ; 
2  of  carbon,  =  12  ;  and  1  of  oxygen,  =  8. 

Or  it  may  be  regarded  as  composed  of  1  vol.  carburetted 
hydrogen  and  1  vol.  of  the  vapour  of  water :  the  two  volumes 
being  condensed  into  1,  the  specific  gravity  of  the  vapour  of 
alcohol,  compared  with  common  air,  will  be  1,599,  or,  accord- 
ing to  Gay-Lussac,  1,613. 

2062.  When  alcohol  is  submitted  to  distillation,  with  certain  Ether. 
acids,  a  peculiar  compound  is  formed,  called  eMer,  the  difierent 
ethers  being  distinguished  by  the  name  of  the  acid  employed 

in  their  preparation. 

a.    Sulphuric  Ethbb. 

2063.  Sulphuric  Ether  is  the  most  important  of  these  com-  Pfep«tftti<m. 

pounds  ;  it  is  prepared  as  follows  :  , 

Equal  weights  of  alcohol  and  Bnlphuric  acid  are  carefalljr  mixed  and  infro- 
daced  into  a  glais  retort  placed  id  a  eand*bath,  to  which  is  adapted  a  capacious 
tubulated  glass  globe,  coonected  with  a  receiver,  as  represented  in  6g.  lOO.  PL  4. 
Raise  the  mixture  in  the  retort  to  its  boiling  point  as  rapidly  as  possible,  and, 
keeping  the  receiver  coo]  by  water  or  ice,  continue  the  distillation,  till  opaque 
Yapours  appear  in  the  retort ;  then  remoye  the  receiver,  and  agitate  its  con- 
tents with  a  little,  qnick-lime  ;  after  which  ponr  off  the  clear  liquor,  and  re -distil 

*  It  may  be  renwiked  tliat  maay  srrort  exist  in  the  published  estimates,  of  the  solability  of  sob- 
itaooes  in  sleohol,  arising  from  the  ezistenoo  of  water  either  in  the  solTent  or  sobstaoco  dissolved* 

t  The  recent  analyiis  of  11.  M.  Dttmas  and  Boulla/  is  ia  aoeoidanos  with  the  above.  See  QMr<. 
JOMT.  N.  0.  V.  108. 
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to  the  iiitootifil  of  thr«e-foortht  itt  oriinnal  qunntity  with  (h«  tame  preeautioiit  as 

before.    The  ether  maj  be  further  puri6ed  bj  di»tilling  it  off  chloride  of  calcium. 

The  London  PharmacapCRza  directs  the  distillation  of  ether 
with  potassa,  for  its  purification  from  sulphurous  acid  ;  and  Air 
Richard  Phillips,  in  his  Experitnenial  ExuminaiioUf  has 
given  the  following  directions  for  procuring  ether  for  pharma* 
ceutical  purposes,  which  answer  extremely  well. 

^  Mix  with  16  ooiicet  of  eolpbnric  acid,  an  equal  weight  of  rectified  tpint^ 
and  dii'til  about  10  fluid  ouiicen,  add  8  ounces  of  rpirit  to  the  rcti^^uuin  in  the 
retort,  and  dirtil  about  9  fluid  ounce* ;  or  continue  the  operation  until  the 
contt-ntf  of  the  retort  begin  to  rite  or  the  product  becomes  considerably  »ulphu<- 
rous  ;  mix  the  two  (>roduct»,  and  if  the  mixture  consists'  of  a  li|;ht  and  beavj 
fluid,  separate  them :  add  polas»a  to  the  lighter,  as  long  as  it  appears  to  be 
di-solved ;  separate  the  ether  from  the  solution  of  pota^sa,  and  distil  about 
lline-tenths  of  it,  to  be  preser^t-d  as*  ethtr  tulphurUut^  the  specific  gravity  of 
which  ought  to  be  at  most  ,750.^^* 

2064.  Preparing  ether  upon  a  large  scale,  it  is  found  (hat  14 
parts  of  alcohol  (specific  gravity  ,880)  mixed  with  an  equal 
weight  of  sulphuric  acid  (specific  gravity  1,8.)  and  submitted  to 
distillation,  afford  about  8  parts  of  impure  ether  (specific  gravi- 
ty, 770).  To  the  residuum  7  parts  of  alcohol  may  be  added, 
and  about  7f  parts  more  of  impure  ether  drawn  off.  These 
products,  when  mixed,  have  a  specific  gravity  of  about  ,782, 
and  when  rectified  by  distillation  on  carbonate  of  potassa,  afford 

.  lOf  parts  of  eiher,  of  a  specific  gravity  of  ,735,  and  about  3| 
parts  of  ethereal  spirit,  which  is  employed  instead  of  an  equal 
quantity  of  alcohol  in  the  next  operation. 

2065.  When  ether,  obtained  by  the  usual  process,  is  washed 
with  its  bulkof  water,  its  specific  gravity  is  diminished,  and  the 
water  employed  for  washing  it  affords,  on  distillation,  a  con* 
siderable  portion  of  alcohol.  By  re-distilling  this  washed  ether 
with  a  little  potassa,  which  keeps  down  the  watery  or  by  treating 
it  with  chloride  of  calcium,  it  i^  obtained  extremely  light  and 
pure. 

2066.  Sulphuric  ether  is  a  transparent,  colourless  liquid,  of  a 
pleasant  smell  and  a  pungent  taste ;  is  highly  exhilarating,  and 
produces  a  degree  of  intoxication  when  its  vapour  is  inhaled 
by  the  nostrils.  Its  specific  gravity  varies  extremely  with  its 
purity.  Lowitz  is  said  to  have  procured  it  as  light  as  ,730 
and  ,760. 

It  is  extremely  volatile,  and  when  poured  from  one  vessel 
into  another,  a  considerable  portion  evaporates ;  during  its 
evaporation  from  surfaces,  it  pro<luces  intense  cold,  as  may  be 
felt  by  pouring  it  upon  the  hand  ;  and  seen,  by  dropping  it  upon 
the  bulb  of  a  thermometer,  which  sinks  to  many  degrees  below 


*  In  the  preparation  of  ether  on  a  large  scale  eonsideriible  risk  ie  inearrrd  by  fire,  rocoorao  hai 
therefore  been  had  to  steam  as  thti  source  of  the  required  heat.  In  the  apparatus  employed  at  Apothe- 
caries* Rail  (Lond.)  the  still  is  of  easMton,  lined  with  load ;  the  steam  is  oondocted  through  th«  mixtara 
of  arids  and  alcohol  by  a  contorted  leaden  pipe  at  the  bottom  of  the  still,  and  is  suppKed  by  a  boiin 
e«leii!ated  to  resist  th<>  pressure-of  100  ibn  on  the  square  inch :  in  this  way  the  mixture  in  vcfy  rufsdly 
rained  to  its  hoilinjr  point,  and  n  larj^cr  rftlativo  qnnntity  of  ether  is  obtained*  The  boiler  is  placed  ia 
a  distant  apartment.  The  et.«ndensing  apparatus  and  refrigeratory  ara  of  the  naval  eoa«tractioB,  bat 
abttn«lantiy  supplied  with  void  water  — Braad«\  Fkarmactf^  450. 
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the  freezing  point.  The  specific  fcnivity  of  the  vnpour  of  sul- 
phuric ether,  compared  with  atmospheric  air,  is  according  to 
Gay*Lus9ac,  as  2,586  to  1,000. 

At  mean  pressure,  sulphuric  ether,  when  of  a  specific  gravity  BoiUngpoiDU 
of  ,730,  boils  at  98^,  and  under  the  exhausted  receiver  of  an 
air-pump,  at  all  temperatures  above — 20^  ;  hence,  were  it  not 
for  atmospheric  pressure,  ether  would  only  be  known  in  the 
state  of  vapour. 

In  consequence  of  the  cold  produced  during  the  vaporization 
of  sulphuric  ether,  the  phasnomena  of  boiling  and  freezing  may 
be  exhibited  in  the  same  vessel. 

For  thw  purpoie  procure  a  ver^  thin  flask  which  fit*  loosely  into  a  wioe -glass,  bp. 
as  »bowD  in  &f,  129.     Pour  a  •lUttlJ  quantity  of  eUier  into  the  fla^k*  and  of  pi.7. 
wuler  into  the  ^la^'^  and  place  the  whole  under  the  receiver  of  an  air-pomp  ; 
during  exhaustion,  the  ether  will  boil,  and  a  crust  of  ice  will  gradually  foria 
upon  the  exterior  of  the  flH»k. 

2067.  Ether  dissolves  the  resins,  several  of  the  fixed  oils,  DiMokesn- 
and  nearly  all  the  volatile  oils ;  it  also  dissolves  a  portion  of  '*~' 
sulphur,  aud  of  phosphorus ;  the  latter  solution  is  beautifully 
luminous  when  poured  upon  warm  water,  in  a  dark  room.    The 

fixed  alkalies  are  not  soluble  in  ether^  but  it  combines  with  am-* 
monia. 

By  repeated  agitation  with  water,  ether  is  brought  to  a  high  Wubingof 
degree  of  purity ,  and  acquires  the  property  of  dissolving  caout-  ^ 
chouc* 

2068.  Ether  dissolves  the  oxides  of  gold  and  platinum,  and  Aetumoaiu- 
these  solutions  have  been  employed  for  coating  steel  with  those  a^putanSun, 
metals,  with  a  view  to  ornament  and  as  s  defence  froii;i  rust.     If 

to  a  saturated  solution  of  gold  or  platinum,  in  nitro-muriatic 
acid,  there  be  added  about  three  parts  by  measure  of  good  sul- 
phuric ether,  it  soon  takes  up  the  metals,  leaving  the  acid 
nearly  colourless  below  the  ethereal  solution,  ivhich  is  to  be 
carefully  decanted  ofi";  into  this  the  polished  steel  is  for  an 
instant  plunged,  and  immediately  afterwards  washed  in  water, 
or  in  a  weak  alkaline  solution.  Though  the  coating  of  plati* 
Dum  is  the  least  beautiful,  Mr  Stodart,  who  has  made  many 
experiments  upon  this  subject,  considers  it  as  the  best  protec- 
tion from  rust.  Polished  brass  may  be  coated  by  the  same 
process.  These  surfaces  of  gold  and  platinum,  though  very 
thin,  are  often  a  useful  protection  :  with  gold  the  experiment 
is  particularly  beautiful,  and  well  illustrates  the  astonishing 
divisibility  of  the  metal.  The  ethereal  solution  of  gold  is  not 
permanent,  but,  after  a  time,  deposits  the  metal  in  the  form  of 
a  film,  in  which  crystals  of  gold  are  often  perceptible. 

2069.  Ether  is  sparingly  8oluble*in  water,  and  in  alcohol  it 
dissolves  in  all  proportions.  The  spiritus  setheria  aulphurici 
of  the  Phartnacopcsiaj  is  an  alcoholic  solution  of  ether. 

2070.  Ether  is  highly  inflammable,  and  in  consequence  of  its  inflamnaaUe. 
volatility  it  is  often  kindled  by  the  mere  approach  of  a  burning 

•  The  prooMi  is  de«:ribed  ia  HsoryU  CSMsiisf ry,  toL  it  p.  3»« 
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body ;  a  circumstance  which  renders  it  highly  dangerous  to 
decant,  or  open  v^essels  of  ether  near  a  candle  * 

The  inflammability  of  .ethereal  vapour  may  be  shown  by 
passing  a  small  quantity  into  a  receiver,  furnished  with  a  braas 
stop-cock  and  pipe,  and  inverted  over  water  at  a  temperature  of 
100^  The  receiver  becomes  filled  with  the  vapour,  which 
may  be  propelled  and  inflamed  ;  it  burns  with  a  bright  bluish 
white  flame. 

207U  When  ether  is  admitted  to  any  gaseous  body  it  in- 
creases its  bulk.  Oxygen  thus  expanded,  produces  a  highly 
inflammable  mixture ;  if  the  quantity  of  oxygen  be  large  and 
of  ether  small,  the  mixture  is  highly  explosive,  and  produces 
water  and  carbonic  acid. 

Info  a  strong  two  ouace  phial.,  filled  with  oxjg^n  )^i,  and  wrapped  round 
with  a  cloth,  let  fall  a  drop  of  ether.  On  applying  the  flame  of  a  candle,  a 
violent  detonation  will  ensue. 

2072.  The  vapour  of  ether  also  explodes  with  chlorine^  as  is 
shown  by  the  following  experiment. 

Fill  a  bottle  of  the  capacity  of  three  or  four  pint«^  with  chlorine  gaf,  taking 
care  to  expel  the  water  at  completely  at  pottible.  Then  throw  into  it  about  a 
drachn  or  a  drachm  and  a  half  of  good  ether,  covering  iti  month  immediately 
with  .-.  piece  of  light  wood  or  paper.  In  a  few  leconds  white  Tapottr  will  hie 
teen  niovini;  circularly  in  the  bottle,  and  this  will  soon  be  followed  bj  an  explo- 
sion, accoiiinanied  with  flame.  At  the  tame  time  a  considerable  quantity  of 
carbon  will  be  deposited,  and  the  bottle  will  be  found  to  contain  carbonic  acid 
gat.t 

2073.  Ether  was  analysed  by  M.  Saussure,  and  from  the  data 
furnished  by  his  analysis,  corrected  by  Gay-Lussac,^  ether  is 
inferred  to  consist  of  28  j)arts  or  two  atoms  of  olefiant  gas,  and 
9  parts  or  1  atom  of  water.  Alcohol  is  composed  of  1  atom 
olefiant  gas  and  1  atom  of  water ;  so  that,  if  from  two  atoms 
of  alcohol  we  withdraw  one  atom  of  water,  the  remaining 
elements  are  in  exact  proportion  for  constituting  ether.  This 
is  the  mode  in  which. sulphuric  acid  is  supposed  to  operate  in 
generating  ether.  This  view  was  first  proposed  by  Fourcroy 
and  Vauquelin. 

2074.  If  ether  be  mixed  with  its  bulk  of  sulphuric  acid,  and 
submitted  to  distillation,  a  portion  of  it  is  converted  into  a  pecu- 
liar fluid  which  has  been  termed  oil  of  wine  ;  it  is  the  oleum 
aeihereum  of  the  PharmacopcBia.  It  has  a  sweetish  taste,  and 
a  rich  agreeable  odour.  It  does  not  mix  with  water,  but  readily 
dissolves  in  ether  and  in  alcohol.  It  is  very  inflammable,  and 
deposits  a  large  quantity  of  carbon  during  its  combustion.  Its 
composition  has  not  been  inquired  into. 

2075.  The  production  of  a  peculiar  acid  in  the  preceding 
process  was  first  noticed  t)y  M.  Dabit,  about  the  year  1800. 
This  substance,  to  which  the  nsitne  sulphovinic  acid  is  applied, 
has  since  been  examined  by  Sertuerner,  Vogel  and  Gay-Lussac, 


*  Ingpiiit  warchouaoy  or  druggMt's  laboratoriot  where  otinr  is^dittilledi  Iho  tufetf  Immp  (fif.  H^ 
mil)  bo  lulvautogcouatj'  uiicd.*  , 

1  t'riiirkjhuuk  in  Xuhoiton's  Jotir.  4to.  v.  SOS.  t  ^na  de  CJkim,  xrv. 
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and  the  two  last  regarded  it  as  a  compound  of  hypo-sulphuric 
acid  and  a  peculiar  vegetable  matter.  Mr  Hennel,  however, 
has  lately  given  a  different  view  of  its  nature.  According  to 
,  this  chemisti  sulphuric  acid  and  the  oil  of  wine  are  both  com- 
posed of  suTphuric  acid  and  carburet  of  hydrogen.  The  oil  of 
wine,  which  has  no  acid  reaction  when  pure,  consists  of  2  atoms 
of  sulphuric  acid,  8  of  carbon,  and  8  of  hydrogen.  When- 
heated,  it  parts  with  half  of  its  carbon  and  hydrogen,  and  sulpho- 
viuic  acid  remains,  consisting  of  2  atoms  of  sulphuric  acid,  4  of 
carbon,  and  4  of  hydrogen.* 

2076.  When  ether  is  passed  over  red-hot  platinum  wire,  or 
consumed  in  the  lamp  without  flame,  fig.  34,  (199,)  a  peculiar  ^^ 
acid  substance  is  produced,  which  has  been  subjected  to  an 
interesting  series  of  experiments,  by  Mr  J.  F.  Daniell.t  He 
obtained  it  by  placing  the  lamp,  filled  with  ether,  and  properly 
trimmed  with  a  coil  of  glowing  platinum  wire,  under  the  head 

of  an  alembic,  in  which  the  vapour  was  condensed,  and  collect-^ 
ed  in  a  phial  applied  to  its  beak. 

Mr  Daniell  called  this  substance  lampic  acid  and  its  com- 
pounds lampatesy  but  he  has  since  found  that  it  is  merely  acetic 
acid  holding  in  solution  some  compound  of  carbon  and  hydro- 
gen^ which  differs  both  from  ether  and  alcohol.]; 

b.    Nitric  Ether. 

2077.  When  strong  nitric  acid  and  alcohol  are  mixed  in 
equal  proportions,  a  violent  action  presently  ensues  ;  there  is  a 

^very  copious  evolution  of  an  inflammable  aeriform  bod}',  which 
has  been  called  nitrous  etherized  gas,  and  which  appears  to  be 
a  compound  of  nitrous  ether,  and  nitric  oxide.  If  we  endeav- 
our to  condense  the  volatile  products,  we  find  that  the  receiver 
contains  alcohol,  water,  nitrous  ether,  nitrous  acid,  and  acetic 
acid ;  and  that  the  greater  portion  of  the  ti^ue  ether  has  made 
its  escape  with  the  gaseous  products.  Thenard  has  paid  much 
attention  to  this  subject,  and  has  given  the  following  process 
for  obtaining  nitric  ether.§ 

Introduce  into  a  Rufficientlj  cnpaclons  retort  equal  weij^hts  of  alcohol,  (specific  prepuatiM* 
gravity  820)  and  of  nitric  acid  of  commerce  (tpfcific  gravity  1*30)  and  connect 
ii  with  five  Wonlfe'**  bottles,  the  first  of  which  is  empty,  and  the  rematning  four 
half  filled  with  a  saturhted  solution  of  salt  in  water.  Apply  a  gentle  beat  to 
the  retort,  till  the  liquor  begins  to  effervesce  ;  then  withdraw  (he  fire,  and  the 
gaseons  matter  passing  through  the  bottles,  which  should  be  kept  cold  by  ice, 
deposits  the  ether  upon  the  saline  solution,  from  which  it  is  to  b«  decanted, 
shaken  with  chalk,  and  re-distilled  at  a  very  genUe  beat.|| 

2078.  Nitric  ether,  thus  prepared,  has  the  following  proper- 
ties :    It  has  a  very  powerful  ethereal  odour ;  its  colour  is  pale  ProperUes. 
yellow;  its  taste  very  pungent;  its  specific  gravity  above  that 

of  alcohol,  but  leas  than  that  of  water*    It  is  more  volatile  than 

*  Quart,  Jwur.  xxi.  331.  t  IMU  vi.  318 

X  Ibid,  xii.  $  Mivu  ffJIrtntU.  Tom.  i.  and  TraiU  dt  Ckim,  iii. 

II  See  dstcription  of  an  apparmUw  for  thii  procsas,  by  Dr  Hars»  io  Jlm»  Jtmr-  vol.  ii.  p.  398. 
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sulphuric  ether,  and  the  heat  of  the  hand  is  sufficient  to  pro- 
duce its  ebullition.  It  is  soluble  in  48  parts  of  water ^;  and  io  M 
proportions  in  alcohol ;  this  last  solution  is  the  ipiritvs  eiheris 
niiroHf  or  sweet  spirit  of  nitre  of  the  Pharmacopcsia  It  is 
decomposed  by  keeping,  and  nitric  and  acetic  acids  are  formed 
jn  it.    According  to  Thenard,  nitric  ether  consists  of 

Ozjffen •    •    •  48,52 

Carbon 28,48 

Nitrogen 14,49 

Hydrogen *    •  8,54 

•  100,00 

eonpofitioD.  Dr  Thomson*  concludes,  from  analogy,  that  nitrie  ether  con- 
sists of  4  proportionals  of  olefiant  gas, »  28,  and  1  of  nitrie 
acid,  ss  54 ;  or,  of 

4  proportionals  of  hjdrogcn  1  X  4  =s    4 

4  -_.—  carbon      6  X  4  s  24 

1  ■  nitrogen   •    •    •    •     14 

5  — • oxj$en     3  X  5  =s=  40 
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rraparation. 


Propertin. 


3079.  Muriatic  ether  was  thus  obtained  by  Thenardrt 

Eqital  measures  of  strong  liquid  mnriatio  acid,  and  higblj  rectified  alcohol, 
are  pnt  into  a  retort  commanicating  with  a  receiver,  from  which  a  tube  pawei 
into  a  Wonife^B  bottle  containing  warm  water,  and  having  a  tube  of  safety : 
from  this  there  isines  a  bent  tube  parsing  into  a  bottle  surrounded  bj  ice.  On 
applying  heat  to  the  retort,  a  portion  of  alcohol  and  acid  pas«  into  the  fir»t 
receiver,  and  the  ether  in  a  gaseous  state  escapes  through  the  warn  water  and 
the  bent  tube,  and  is  condensed  in  the  cold  ve»sel. 

20S0.  At  a  temperature  somewhat  below  70^  muriatic  ether 
passes  into  the  state  of  vapour,  of  which  the  specific  gravity  is 
about  2,220,  that  of  air  being  1,000;  it  is  highly  inflammable, 
its  taste  sweetish  and  ethereal,  and  it  is  soluble  in  its  own  bulk 
of  water  at  64^.  Its  specific  gravity  in  a  liquid  state,  at  40^,  is 
,870.  It  is  remarkable  that  this  ether  does  not  afiect  vegetable 
blues,  nor  does  it  afibrd  traces  of  chlorine  to  the  usual  tests; 
but,  when  burned,  muriatic  acid  is  immediately  perceptible. 

2081.  This  compound  was  supposed  by  Thenard  to  be  anal- 
ogous in  composition  to  nitrous  ether.  It  appears,  however, 
from  the  experiments  of  M.  M.  Robiquet  and  Colin,  that  it 
consists  of  muriatic  acid  and  the  elements  of  olefiant  gas,  and 
is  therefore  quite  free  from  oxygen.j:. 

d.    HrDRXOBic  Ether. 


2082.  By  distilling  tiivo  measures  of  alcohol,  with  one  of 
concentrated  liquid  hydriodic  acid,  6ay-Lnssac  obtained  an 
ethereal  liquid,  of  a  specific  gravity  of  1,920  at  72^,  and  re- 


*  e$$t0m^  Tol.  ii>  p*  34L  t  Memairea  tPAremnlt  Tmh.  i. 
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qiiirio^  a  temperature  of  148^  for  iU  ebullition.    It  appears  to 
be  similar  in  composition  to  muriatic  ethen* 

Acetous  Fermentation. 

2083.  When  any  of  the  vinous  liquors  are  exposed  to  the 
free  access  of  atmospheric  air  at  a  temperature  of  80^  or  85^ 
they  undergo  a  second  fermentation,  terminating  in  the  pro- 
duction of  a  sour  liquid,  called  vinegar.  During  this  process  vinag^h 
a  portion  of  the  oxygen  of  the  air  is  converted  into  carbonic 
acid  ;  hence,  unlike  vinous  fermentation,  the  contact  of  the 
atmosphere  is  necessary,  and  the  most  obvious  phaenomenon 
is  the  removal  of  carbon  from  the  beer  or  wine.  Vinegar  is 
usually  obtained  from  malt  liquor  or  cider,  while  wine  is  em- 
ployed as  its  source  in  those  countries  where  the  grape  is 
Abundantly  cultivated. 

2084.*  The  colour  of  vinegar  varies  according  to  the  materials  Propwtieb 
from  which  it  has  been  obtained ;  that  manufactured  in  England 
is  generally  artificially  coloured  with  burnt  sugar :  its  taste  and 
smell  are  agreeably  acid.  Its  specific  gravity  is  liable  to  much 
variation;  it  seldom  exceeds  1,0250.  When  exposed  to  the 
air  it  becomes  mouldy  and  putrid,  chiefly  in  consequence  of  the 
mucilage  which  it  contains,  and  from  which  it  may  be  in  some 
measure  purified  by  careful  distillation^  According  to  Mr  R. 
Ptiiliips,t  whei>  good  malt  vinegar  of  the  specific  gravity  of 
1,020  is  distilled,  the  first  eighth  that  passes  over  is  of  the 
specific  gravity  0,997 ;  the  next  six-eighths  are  of  specific 
gravity  1,0023,  and  a  fluid  ounce  decomposes  8,12  grains  of 
precipitated  carbonate  of  lime.  The  lightness  of  the  first  por- 
tion is  owing  to  its  containing  alcohol,  consequently,  in  the 
Pharmacopceia  process  it  is  ordered  to  be  rejected.  The  term 
distilled  vinegar^  or  dilute  acetic  acid^  is  properly  applied  to 
the  second  portion  ;  it  is  erroneously  called  acetic  acid^  in  the 
London  Pharmacopoeia.  The  matter  which  remains  in  the 
still  is  empyreumatic,  and  generally  contains  some  other  vegeta- 
ble acids :  when  the  vinegar  has  been  adulterated,  which  is  not 
unfrequently  the  case,  we  sometimes  find  in  it  muriatic  and 
sulphuric  acids. 

2085.  Distilled  vinegar  is  colourless,  and  of  a  flat  acid  taste ; 
it  consists  essentially  of  the  real  acid  diluted  with  water.     To 
obtain  acetic  acid,  or,  as  it  has  been  sometimes  called,  radical  AMUaMM:- 
vinegar^  distilled  vinegar  may  be  saturated  with  some  metallic 
oxide,  and  the  acetate  thus  obtained,  subsequently  decomposed. 

2086.  Acetic  acid  is  thus  procured  by  distilling  acetate  of 
copper,  or  crystallized  verdigris,  in  a  glass  retort  heated  gradu- 
ally to  redness :  it  requires  re-distillation  to  free  it  from  a  little 
oxide  of  copper  which  passes  over  in  the  first  instance.  Acetic 
acid  may  also  be  obtained  by  distilling  acetate  qf  soda  or  ace- 


*  jfim.  4c  CUm.  xci.  t  a«Bvks  on  tb«  Lamii»%  Pharmttu^n. 
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fate  q/*  had  with  half  iU  weight  of  sulphuric  acid  :  or  from 
a  mixture  of  equal  parts  of  sulphate  of  copper  and  acetate  of 
lead ;  in  these  cases,  the  acid  passes  over  at  a  moderate  tem- 
perature. 

2087.  A  considerable  quantity  6f  acetic  acid  is  also  now  pro- 
cured by  the  distillation  of  wood  in  the  process  of  preparing 
charcoal  for  the  manufacture  of  gunpowder.  The  liquor  at  Arst 
procured  is  usually  termed  pyroligneous  acid  ;  it  is  empyrea- 
matic  and  impure,  and  several  processes  have  been  contrived  to 
free  it  from  tar  and  other  matters  which  it  contains.  It  may  be 
saturated  with  chalk  and  evaporated,  by  which  an  impure  acetate 
(pyrolignate)  of  lime  will  be  obtained,  and  which,  mixed  with 
sulphate  of  soda,  furnishes,  by  double  decomposition,  sulphate  of 
lime  and  acetate  of  soda :  the  latter  distilled  with  sulphuric 
acid  affords  a  sufficiently  pure  acetic  acid,  which  by  dilution 
with  water  may  be  reduced  to  any  required  strength.  The 
purification  of  this  acid  has  been  brought  to  great  perfection  by 
Dr  Bollman.* 

8088.  One  of  the  products  of  the  distillation  of  wood  on  a  large 
scale,  is  a  peculiar  inflammable  and  volatile  fluid  resembling 
alcohol  in  some  respects,  but  differing  from  it  in  othcrs.t  This 
fluid  is  colourless  and  transparent,  its  smell  is  strong,  pungent, 
and  ethereal,  with  a  flavour  of  oil  of  peppermint  Its  specific 
gravity,  after  being  distilled  from  dry  chloride  of  calcium  is, 
0,828.  It  boils  at  150°  F.  When  heated  it  burns  with  a  fine 
blue  flame.  It  is  soluble  in  alcohol.  Nitric  acid  and  chlorine 
convert  it  into  ether,  endowed  with  peculiar  properties.     H. 

To  this  fluid  the  name  pyraxylie  spirit  has  been  given.  It 
is  used  in  lamps  instead  of  alcohol. 

Dr  Thomson,  from  a  mixture  of  pyroxylic  spirit  and  aqua 
regia  has  obtained  a  new  inflammable  gas,  which  is  composed 
of  I  atom  of  hydrogen,  1  of  carbon  and  1}  of  chlorine,  hence 
he  calls  it  the  sesquichhride  of  earb<hhydrogen,X 

2089.  Acetic  acid  obtained  by  the  processes  described  is 
transparent  and  colourless,  its  odour  highly  pungent  and  it  blis- 
ters and  excoriates  when  applied  to  the  skin.  Its  specific  gravity 
is  1,080.  It  is  e;(tremely  volatile,  and  its  vapour  readily  burns. 
It  combines  in  all  proportions  with  water,  and  when  considera- 
bly diluted,  resembles  distilled  vin^ar.  When  highly  concen- 
trated, it  ccystaliizes  at  the  temperature  of  38^  F.  but  liquefies 
when  its  heat  is  a  little  above  that  point. 


Apparatus  for      *  Tho  apparatus  used  in  the  preparation  of  this  acid  it  represented  by  il^.  131 ;  a  is  a  section  oftba 

propariag.       eyliodor  in  which  the  wood,  deprived  of  iu  bork,  is  plaoad ;  b  a  diffeient  eectioa,  c  the  elsvatioa  of 

PI*  vii,  ^c  furnace,  d  the  outer  stopper,  «  an  inner  shutter  whicli  is  smeared  round  ita  edge  with  eUj-late, 

and  secured  to  tho  moutJi  of  Uie  cylinder,  /  the  pipe  for  conreying  off  the  acid  into  the  casks  j,  which 

are  connected  by  iho  tubes  A,  i  is  the  pipe  for  coareyinf  the  tar  into  the  receiver  k.    T%e  escape  of 

the  elastic  fluids  is  provided  for  ^j  hent  tubes  tneeited  in  the  easks,  aad  tamlnatiag  asder  tbasaiftoa 

of  water.    The  average  qoantity  of  impure  acid  obtained  fiom  each  cwt.  of  wood  is  about  fear 

'-  f  .illons  and  a  half.    The  cru  ie  acid  is  rectified  by  a  tecond  distiliatioa  ia  a  eopper  still.— See  Parkes^a 

£««a]r«,  i.  308. 
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The  most  probable  constitution  of  acetic  acid,  derived  from 
the  analysis  of  its  salts,  is  the  following: 

Atons. 

Carbon      .    .    .    •    4    .    .    .  24    .    .    .  48  '                     Compowtioi. 

Oxy^n      ....     3    •••  24    ...  48 

Hjdrogen  .••.<.•.  2..«      4 

50  100 

Its  equivalent,  according  to  this  view  of  its  composition)  is 
50.     H.  2.  372. 

3090  The  acetates  are  all  soluble  in  water,  and,  mostly  very  Ac«tatw, 
soluble  :  many  of  them  are  deliquescent,  and  difficultly  crystal- 
lizable;  they  are  decomposed  by  sulphuric  acid,  and  when  sub* 
mitted  to  destructive  distillation,  furnish  a  modified  vinegar, 
which  has  been  termed  pyroacetic  add  or  spirit :  these  decom* 
positions  have  been  fully  investigated,  and  the  properties  of  the 
pyroacetic  spirit  inquired  into,  by  Mr  Chenevix.* 

The  following;  are  among  the  most  important  of  the  acetates: 

2091.  tdceiaie  €(f  Ammonia  is  a  very  deliquescent,  soluble  -ofaauM- 
salt,  and  extremely  difficultly  crystallizable.     In  solution,  ob-  "^^ 
tained  by  saturating  distilled  vinegar  with  carbonate  of  ammonia, 

it  constitutes  the  ammonix  acetaa  Kquidua  of  the  U.  S.  P.    ' 
which  has  long  been  used  in  medicine  as  a  diaphoretic,  under 
the  name  of  spirit  of  Mindererus. 

2092.  Acetate  of  Potaaaa  is  usually  formed  by  saturating  .ofpotam, 
distilled  vinegar  with  carbonate  of  potassa,  and  evaporating  to 
dryness.  If  this  salt  be  carefully  fused,  it  concretes  into  a 
lamellar  deliquescent  mass  on  cooling.  It  is  the  terra  foliata 
tartaric  and  febrifuge  salt  of  Sylvius  of  old  pharmacy.  It 
dissolves  in  its  own  weight  of  water  at  60^,  and  the  solution  has 

an  acrid  saline  taste.  It  consists  of  one  proportional  of  each  of 
its  components. 

2093.  tScetate  qf  Soda  forms  prismatic  crystals,  not  deli-  —  ofioda, 
quescent,  of  an  acrid  bitterish  taste,  and  soluble  in  rather  less 

than  three  parts  of  water  at  60^.  It  is  the  terra  foliata  crys- 
tallisaia  of  old  writers.  It  conAts  of  32,  soda  +  50  acetic 
acid. 

2094.  •dcetate  qf  Lime^  is  a  difficultly  crystallizable  salt,  .of  ume. 
readily  soluble  in  water,  and  of  a  bitter  saline  taste ;  consisting    * 

of  28  lime  +  50  acid.  It  is  sometimes  obtained  by  satiTrating 
the  vinegar  formed  during  the  distillation  of  wood,  and  employ- 
ed in  the  preparation  of  acetate  of  alumina,  which  is  used  by 
the  calico-printers  as  a  mordant. 

2095.  Acetate  of  Baryta  furnishes  crystals  of  a  sour  and  —  ofbuyu, 
bitterish  taste  :t  in  cold  weather  the  concentrated  solution  con- 
geals into  a  silky  congeries  of  crystals.     It  requires  rather  more 

than  its  own  weight  of  water  at  60^  for  solution,  and  consists  of 
50,  acid  +  78,  baryta. 

2096.  Jifetate  of  Iron. — The  acetic  acid  combines  with  -ofiron, 
both  oxides  of  iron.     The  protacetate  is  formed  by  digesting 

*^  AiisMkt  de  Chimie^  xlix.  t  For  their  tona,  m«  jfnii*  PMUot*  N.  8.  vii  965. 
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ftulphuret  of  iron  in  acetic  acid ;  it  yields  green  prismatic 
crystals,  of  a  styptic  taste,  and  readily  soluble  in  water ;  the 
solution  becomes  brown  by  exposure  to  air,  and  passes  into 
peraceiate,  which  is  uncrystallizable,  and  obtained  by  digest- 
ing iron  in  acetic  acid.  This  compound  is  extensively  used  by 
calico-printers,  who  prepare  it  either  by  digesting  iron  in 
pyroligneous  acid,  or  by  mixing  solution  of  acetate  of  lead  with 
sulphate  of  iron,  and  exposing  the  filtered  solution  to  air. 

2097.  Jlcetate  of  Zinc y  is  formed  either  by  dissolving  oxide 
of  zinc  in  apetic  acid,  or  by  mixing  a  solution  of  sulphate  of 
zinc  with  one  of  acetate  of  lead.  It  crystallizes  in  thin  shining 
plates  of  a  bitter  and  metallic  taste,  very  soluble,  but  not  deli- 
quescent. This  salt  is  sometimes  used  in  pharmacy,  chiefly  as 
an  externa]  application.* 

209S.  Jiceiate  of  Tin. — This  mineral  is  slowly  acted  on  by 
acetic  acid,  but  a  protacetaie  and  peracetaie  of  tin  may  be 
made  by  mixing  acetate  of  lead  with  saturated  solutions  of  the 
protomuriate  and  permuriate  of  tin.  These  solutions  have 
been  recommended  as  mordants  for  the  use  of  dyers.  The 
protacetate  is  crystallizable.  Vinegar  kept  in  tin  vessels  dis- 
solves a  very  minute  portion  of  the  metal ;  and  in  pewter  ves- 
sels it  likewise  dissolves  a  small  portion  of  the  lead,  where  in 
contact  both  with  the  vinegar  and  air ;  hence  distilled  vinegar, 
which  has  been  condensed  in  a  pewter  worm,  affords  generally 
traces  of  both  metals.t 
— of  coppw,  8099.  •Acetate  of  Copper.-^By  exposing  copper  to  the  fumes 
of  vinegar,  it  becomes  gradually  incrusted  with  a  green  powder 
called  verdigris^X  which  is  separable  by  the  action  of  water 
into  an  insoluble  subacetate  cf  copper,  and  a  soluble  acetate. 

Acetate  of  copper  may  be  obuined  by  digesting  verdigris,  or 
oxide  of  copper,  in  acetic  acid  ;  by  evaporating  this  solution,  it 
is  obtained  in  prismatic  crystals  of  a  fine  green  tint.  It  dis- 
solves sparingly  in  water  and  alcohol,  and  communicates  a 
beautiful  blue-green  colour  to  the  flame  of  the  latter ;  by  distil- 
lation it  affords  a  very  purAeetic  acid. 

2100.  Jtcetate  of  Lead,  is  the  Sugar  of  Lead,  and  Sali  of 
Saturn  of  the  old  chemists  :  it  may  be  regarded  as  the  most 
important  of  the  acetates ;  it  is  used  in  pharmacy,  and  by  dyers 
and  calico-printers  for  the  preparation  of  acetate  of  alumina  and 
of  irpn,  which  are  formed  by  mixing  its  solution  with  that  of 
the  sulphates  of  those  metals,  an  insoluble  sulphate  of  lead 
being  at  the  same  time  produced.  Acetate  jof  lead  is  formed 
by  digesting  the  carbonate  in  distilled  vinegar,  or  in  the  acetic 
acid  obtained  by  the  destructive  distillation  of  wood ;  it  usually 

*  AecordiDg  to  Meatn  Aikiiii  the  ipoeiflc  gravity  of  a  saturated  solution  of  acetate  of  sine,  made 
by  digesting  the  salt  in  distilled  vinegar,  is  1055.  Of  this  solution  900  grains  contain  S3  of  dry,  or 
89^  of  crystallized  acetate*  One  ounce  by  measure  of  the  solution  weighs  506  grains,  and  contains 
S9,8  grains  of  dry,  or  40,5  grains  of  crystollixed  salL  , 

t  Vauquelin,  Jlnnalu  de  CAtmis,  xzxit* 

t  Diafittate^  T — ^For  a  description  and  analysis  of  tho  acetates  of  copper  see  Tbomson*s  FirH 
PrincipiUf  ii.  383. 


load. 


SECT*  xviii.  Jieetate  of  Mercury.  549 

occurs  in  masses  composed  of  acicular  crystals  ;  but  by  careful 
crystallization  it  may  be  obtained  in  quadrangular  prisms.  Its 
taste  is  sweet  and  astringent,  and  it  is  soluble  in  about  four 
parts  of  water  at  60^. 

The  crystals  effloresce  slowly  by  exposure  to  the  air,  and  are 
composed,  according  to  Berzeiius  and  Thomson,  of  50  parts  or 
one  atom  of  the  acid,  112  parts  or  one  atom  of  the  protoxide 
of  lead,  and  27  parts  or  three  atoms  of  water. 

2101.  The  acetate  of  lead  is  partially  decomposed,  with 
formation  of  the  carbonate  of  lead,  by  water  which  contains 
carbonic  acid,  or  by  exposure  to  the  air  ;  but  a  slight  addition 
of  acetic  acid  renders  the  solution  quite  clear. 

2102.  The  aub-aceiate  of  lead,  commonly  called  extracium  ^fr^^^ 
saturnij  is  prepared  by  boiling  one  part  of  the  neutral  acetate,  ° 

and  two  parts  of  litharge,  deprived  of  carbonic  acid  by  heat, 
with  25  parts  of  water.  This  salt  is  less  sweet  and  less  soluble 
in  water  than  the  neutral  acetate,  has  an  alkaline  reaction  and 
crystallizes  in  white  plates  by  evaporation.  It  is  decomposed 
by  a  current  of  carbonic  acid,  with  production  of  pure  carbonate 
of  lead  ;  and  forms  a  turbid  solution.  It  appears  from  the 
analysis  of  Berzeiius  to  consist  of  1  atom  of  acid  and  3  atoms 
of  the  oxide  of  lead. 

A  di-aceiate  may  be  formed  by  boiling  with  water  a  mixture 
of  litharge  and  acetate  of  lead  in  atomic  proportions.* 

2103.  Acetate  qf  Mercury, ---^Protacetate  of  Mercury  is  Acetate  of 
most  readily  formed  by  mixing  a  solution  of  protonitrate  of  '^'^'^^' 
mercury  wi\h  acetate  of  potassa.     For  this  purpose  dissolve 

three  ounces  of  mercury  in  about  four  ounces  and  a  half  of  cold 
nitric  acid,  and  mix  this  solution  with  three  ounces  of  acetate 
of  potassa  previously  dissolved  in  eight  pints  of  boilin^  water, 
and  set  the  whole  aside  to  crystallize,  which  takes  place  as  the 
liquor  cools,  and  the  acetate  of  mercury  then  separates  in  the 
form  of  micaceous  crystalline  plates,  which  are  to  be  washed  in 
cold  water,  and  dried  on  blotting  paper.t  In  preparing  this 
salt,  the  quantity  of  water  for  dissolving  the  acetate  need  not 
be  so  large  as  above  directed,  one  pint  being  sufficient,  but  it  is 
necessary  to  pour  the  mercurial  solution  into  the  acetate.  This 
salt  has  an  acrid  taste,  and  is  very  difficultly  soluble  in  water, 
requiring  according  to  Braconnot,}  600  parts  of  water.  It  is 
insoluble  in  alcohol.     It  was  once  used  in  medicine.§ 


Dr  Thonuon  hiu  described  leveral  acetates  of  lead,  for  aa  account  of  which  see  First  Principles^ 
vol.  ii> 

t  Ediitburgh  Pharmaeopaia, 

i  AnnalM'de  Chimie^  Ixxxvi.  9S. 

^  Peracetate  of  Mercury  is  formed  by  digestiof  the  peroxide  in  acetic  acid ;  it  does  not  crystallize 
aod  affords  on  evaporation  a  deliquescent  yellow  mass,  which  is  decomposed  by  water  into  a  super' 
per  aestatSy  which  remains  dissolved,  and  an  insoluble  si^eraeeUiU.  (a)  Jieetate  of  Silver  is 
obtained  by  boiling  the  acid  on  oxide  of  silver,  or  by  mizinf  solutions  of  acetate  of  potassa  and 
nitraio  of  silver ;  it  forms  acicular  crystals  of  an  acrid  metallic  Uste> 

a  Pronst,  Jenmal  4t  Pkys.  Irl. 


550 


Animal  Substances. 


GHA9.  TIZ. 


Acetate  of 
miumina. 


2104.  Aeelaie  qf  Mumina. — This  salt  is  extensivelj  em- 
ployed by  calico-printers  as  a  mordant  or  basis  for  fixing  col- 
ours ;  ttiey  produce  it  by  mixing  solutions  of  alum  and  acetate 
of  lead  :  about  three  pounds  of  alum  are  dissolved  in  eight  gal- 
lons of  water  and  a  pound  and  a  half  of  sugar  of  lead  stirred 

'  into  it ;  a  copious  formation  of  sulphate  of  lead  ensues  which  is 
allowed  to  subside,  and  the  clean  liquor  holding  acetate  of 
alumina  and  a  portion  of  undecomposed  alum  in  solution^is  then 
drawn  off,  a  portion  of  pearlash  and  chalk  being  added  to  it 
previous  to  use,  in  order  to  saturate  any  excess  of  acid. 

Acetate  of  alumina,  formed  by  digesting  recently  precipi- 
tated alumina  in  acetic  acid,  may  be  procured  in  deliquescent 
acicular  crystals  of  an  astringent  taste,  and  containing,  according^ 
to  Richter,  73,81  acid +  26,19  alumina  :  hence  it  is  probably  a 
binaceiate, 

2105.  When  acetic  acid  and  alcohol  are  repeatedly  distilled 
Acetic eUier.  together,  a  portion  ot  acetic  ether  is  formed,  which  has  a  pecu- 
liar and  agreeable  taste  and  smell,  and  a  specific  gravity  of  about 
,860  at  60^.     It  boils  at  about  160°,  is  highly  inflammable,  and 
emits  acetic  acid  among  its  products  of  eombustion.* 

Acetic  ether  is  much  more  soluble  in  water  than  sulphuric 
ether :  according  to  M.  Thenard,  water  at  60°  dissolves  about 
a  7,5  parts  of  its  weight,  and  the  solution  is  permanent.  Caustic 
potassa  decomposes  it,  and  forms  acetate  of  potassa.  * 

Oxalic,  citric,  tartaric,  and  benzoic  acids  have  been  employed 
in  the  formation  of  ethers  ;  the  presence  of  a  mineral  acid  is 
indispensable  to  their  forniation.t 


CHAPTER  VII. 


OF   ANIMAL   STTBSTAKCES. 


2106.  The  different  sections  of  this  chapter  will  contain  an  ac- 
count of  the  ultimate  and  proximate  principles  of  the  substances 
belonging  to  the  animal  creation,  of  the  methods  of  analysis 
by  which  these  principles  are  obtained,  and  of  such  of  the 
animal  functions  as  are  concerned  in  their  production,  where 
these  are  susceptible  of  chemical  elucidation. 


*  This  ethor  w  directed  in  some  of  the  foreign  FlmmaeopcBiB  for  medici)  nee,  eod  tbe  foUowing 
iji  perhaps  the  best  proceis  for  its  produotion.  Introduce  into  a  tubulated  retort  3  parts  of  acetate  of 
potaaaa,  3  of  alcohol,  and  3  of  sulphurie  aeid,  and  distil  to  dryoees.  To  the  product  add  aiia-6(Ui  iti 
weight  of  sulphuric  aeid,  and  draw  oif  by  a  gentle  beat  a  quantity  of  etlier  equal  to  that  of  the  alcohol 
originHlly  employed. 

t  Vre*s  Dictionary^  Art.  Ether. 
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Section  I.     Of  the  uUimaie  Principles  of  Animal  Matter, 
and  of  the  products  of  its  destructive  Distillation. 

2107.  The  proximate  prineiples  of  the  animal  creation  con-  proximate 
si8t>  like  those  of  yegetaUes,  of  a  few  elementary  subatances,  v^^^^i^^ 
which  by  combination  in  various  proportions,  give  rise  to  their 
numerous  varieties.     Carbon,  hydrogen,  oxygen,  and  nitrogen, 

are  the  principal  ultimate  elements  of  animal  matter;  and  phos- 
phorus and  sulphur  are  also  often  contained  in  it.  The  presence  ^'i<^»- 
of  nitrogen  constitutes  the  most  striking  peculiarity  of  animal, 
compared  with  vegetable  bodies ;  but  as  some  vegetables  contain 
nitrogen  so  there  are  also  certain  animal  principles,  into  the  com- 
position of  which  it  does  not  enter. 

2108.  The  presence  of  nitrogen  stamps  a  peculiarity  upon 
the  products  obtained  by  the  destructive  distillation  of  animal 
matter,  and  which  are  characterized  by  the  presence  of  ammo-  Ammoaift. 
nia,  formed  by  the  union  of  the  hydrogen  with  the  nitrogen. 

It  is  sometimes  so  abundantly  generated  as  to  be  the  leading 
product ;  thus,  when  horn,  hoofs,  or  bones,  are  distilled  per  se, 
a  quantity  of  solid  carbonate  of  ammonia,  and  of  the  same  sub- 
stance combined  with  empyreumatic  oil,  and  dissolved  in 
water,  are  obtained ;  hence  the  pharmaceutical  preparations 
called  spirit  and  salt  of  hartshorn,  and  Dippers  animal  oiL 
Occasionally  the  icetic,  benzoic,  and  some  other  acids  are 
formed  by  the  operation  of  heat  on  animal  bodies,  and  these 
are  found  united  to  the  apimonia ;  cyanogen  and  hydrocyanic 
acid  also  frequently  occur. 

If  the  gas  evolved  during  the  decomposition  of  animal  bodies 
be  examined,  it  is  generally  inflammable,  and  consists  of  carbu-  u^jj|!|!!*^ 
retted  hydrogen,  often  with  a  little  sulphuretted  and  phosphu-   '^^^"' 
retted  hydrogen ;  carbonic  oxide,  carbonic  acid,  and  nitrogen, 
are  also  dfcmetimes  detected  in  it. 

The  coal  remaining  in  the  retort  is  commonly  very  difficult 
of  incineration,  a  circumstance  depending  upon  the  common 
salt  and  phosphate  of  lime,  which  it  usually  contains,  forming 
a  glaze  upon  its  surface  which  defends  the  carbon  from  the 
action  of  the  air.  Animal  charcoal  is  also  found  to  be  more 
effectual  in  destroying  colour  and  smell,  than  that  obtained  from 
vegetables. 

2109.  By  the  term  putrefaction  we  mean  the  changes  i*"*"*"*^'^*'** 
ivhich  dead  animal  matter  undergoes,  and  by  which  it  is  slowly 
resolved  into  new  products.  These  changes  require  a  due 
temperature,  and  the  presence  of  moisture ;  for  below  the 
freezing  point  of  water,  or  when  perfectly  dry,  it  undergoes  no 
alteration. 

During  putrefaction  the  parts  become  soft  and  flabby,  they 
change  in  colour,  exhale  a  nauseous  and  disgusting  odour, 
diminish  considerably  in  weight,  and  'afford  several  new  pro- 
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ducts,  some  of  which  escape  io  a  gaseous  form,  others  run  off  ia 
a  liquid  state,  and  others  are  contained  in  the  fatty,  or  earthy 
residuum. 

The  presence  of  air,  though  not  necessary  to  putrefaction, 
materially  accelerates  it,  and  those  gases  which  contain  no  oxy- 
gen, are  very  efficient  in  checking  or  altogether  preveniing  the 
process.  Carboqic  acid  also  remarkably  retards  putrefaction  ; 
and  if  boiled  meat  be  carefully  confined  in  vessels  containibg 
that  gas,  it  remains  for  a  very  long  time  unchanged,  as  seen  in 
M.  Appert's  method  of  preserving  meat. 

There  are  several  substances  which,  by  forming  new  combi- 
nations with  animal  matter,  retard  or  prevent  putrefaction, 
such  as  chlorine  and  many  of  the  saline  and  metallic  com- 
pounds ;  sugar,  alcohol,  volatile  oils,  acetic  acid,  and  many 
other  vegetable  substances  also  stand  in  the  list  of  anti-putre- 
factives,  though  their  mode  of  operating  is  by  no  means  under- 
stood. 

2110*  The  effluvia  which  arise  from  putrescent  substances,- 
and  more  especially  those  generated  ia  certain  putrid  disorders, 
have  a  tendency  to  create  peculiar  diseases,  or  to  give  the  living 
body  a  tendency  to  produce  poisons  analogous  to  themselves. 
FumifAtion.  ^n  atmosphere  thus  tainted  by  infectious  matter,  may  be  ren- 
dered harmless  by  fumio;ation  with  the  volatile  acids,  more 
especially  the  nitrous  and  the  muriatic ;  chlorine  is  also  very 
effectual :.  the  vapour  of  vinegar,  though  sometimes  useful  in 
covering  a  bad  smell,  is  not  to  be  relied  on.  *  It  appears  evident 
that  llie  acid  and  chlorine  act  chemically  upon  the  pernicious 
matter,  and  resolve  it  into  innocuous  principles. 

2111.  When  muscular  flesh  is  immersed  in  a  stream  of  run- 
ning water,  it  is  partially  converted  into  a  substance  having 
many  of  the  properties  of  fat  combined  with  a  portion  of  am- 
monia. The  same  changes  have  been  observed  where  large 
masses  of  putrefying  animal  matter  have  been  heaped  together, 
or  where  water  has  had  occasional  access  to  it.  Nitrate  of 
ammonia  is  also  sometimes  formed  under  the  same  circum- 
stances. 

2112.  Instead  of  considering  the  proximate  principles  of 
animals  under  separate  sections,  as  has  been  done  in  regard  to 
vegetable  bbdies,  they  may  be  made  known  under  the  heads  of 
those  substances  in  which  they  occur,  the  principal  of  which 
are  the  following : 


A4i|ioeei«. 


1.  Blood.   Albumen.  Colouring  Matter. 

2.  Milk.    Sugar  of  Milk. 

3.  Bile.    Re»in  of  Bile. 

4.  Lymph.   Muciu.   Synovia,   Pn?,  &c. 

5.  Urine.    Urea.     Urinary  Calculi. 


6.  Skin.    Membrane. 

7.  Muscle.   Ligament.  Horn.  Hain 

8.  Fat.     Spermaceti,  &c. 

9.  Cerebral  substance. 
10.  Shell  and  Bone. 
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SfCTiON  II.     Of  the  Blood. 

dlld.  Jn  the  higher  orders  of  animals  the  blood  is  of  a  red 
colour^  florid  iu  the  arteries,  and  dingy 'in  the  veins.  The 
specific  gravity  of  human  blood  is  liable  to  some  variation.  Mr 
Braiide  has  found  it  as  low  as  1,050  and  as  high  as  1,()70,  but 
was  unable  to  refer  to  any  circunniances  which  might  be  con- 
sidered as  the  cause  of  this  difference.  « 

When  blood  is  drawn  from  its  vessels  in  the  living  animal,  it 
soon  concretes  into  a. jelly-like  mass,  which  afterwards  gradually 
separates  into  a  fluid  ^erteiTi,  of  a  pale  straw  colour,  and  a  coag-  ^^^^^^ 
ulated  crassatnenium  or  cruor,  which  is  red.     The  cause  of  cmaMumm' 
this  coagulation  is  quite  unknown*  '""* 

3114.  The  specific  gravity  of  the  serum  of  the  blood,  is  upon  rropertiegof 
an  average  1,0S0.  It  reddens  the  yellow  of  turmeric,  and  "'^ 
changes  the  blue  of  violets  to  green,  a  property  derived  from  a 
portion  of  soda.  At  a  temperature  of  160^,  it  becomes  a  firm 
yellowish  white  eoagulum,  resembling  in  appearance  and  pro- 
perties 'the  coagulated  white  of  an  egg,  and,  as  the  principle  to 
which  this  property  is  owing  is  the  same  in  both  substances,  it 
has  been  called  albumen.  Alcohol,  and  many  (>f  the  acids,  also 
occasion  the  coagulation  of  the  serum  of  blood. 

100  parts  of  human  serum  contain  between  eight  and  nine 
parts  of  albumen,  rather  less  than  one  part  of  carbonate  of  soda, 
and  about  the  same  quantity  of  common  salt,  the  remaining  90 
parts  being  water.  These  at  least  are  the  proportions  which 
Mr  Brando's  experiments  lead  him  to  believe  correct ;  hot  the 
analysis   is  involved   in  so  much  difficulty  that  he  considers  > 

the  results  only  as  approximating  to  the  truth  ;  indeed  it  is 
probable  that  the  composition  of  the  serum  is  liable  to  much 
variation.* 

2115.  Mbumen^  which  constitutes  a  leading  ingredient  in  An>anMn. 
the  serum,  and  which  we  shall  presently  find  also  in  the  cruor, 
is  a  very  important  animal  principle,  and  is  found  iu  the  greater 
number  of  animal  fluids. 

Liquid  Mbumen  is  soluble  in  water,  and  always  contains  a 
notable  portion  of  soda,  indicated  by  its  action  on  vegetable 
colours.     It  is  coagulated  by  heat,  a<:ids,  and  alcohol,  unless  it 

*  Dr  Mare«t  and  Berzoliui  Lnvo  each  given  an  ■n&Iytis  of  Ui«  «erwn  of  Iiunsan  blood  ;  the  follow- 
ing are  thMr  resitlu* 

Manet,  Dert^Uua, 

V\rater 900,     i  Wiiur -   -  905,0 

Albumen  -------.---      yo,8    I  Ailniua-n -..---  fO,0 

MurimtM  of  |)ol«flia  and  Mida    -   -    •    -  6,->   i  MuriaiiNf  of  potawa  and  foda    --->•>  i^A 
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be  considerably  diluted  with  water,  in  which  case  a  portion 
separates  in  the  form  of  white  flakes  afler  some  hours'  stand- 
ing. Solution  of  eorrosivef  sublimate^  added  to  albumen,  very 
much  diluted,  produces  a  cloudiness,  and  hence  it  is  a  useful 
test  of  albumen.*  It  is  also  instantly  coagulated  by  Voltaic 
electricity  ;  and  if  two  platinum  wires  connected  with  a  small 
battery  be  immersed  into  diluted  albumen,  a  very  rapid  coagula- 
tion niy  take  place  at  the  negative  pole,  and  scarcely  any  effect 
at  the  positive  pole.  This  circumstance  induced  Mr  Brande  to 
attribute  the  coagulation  to  the  removal  of  the  alkali^  by  alco- 
hol, and  by  acids;  but  how  beat  operates  is  not  very  obvious, 
unless  we  be  allowed  to  consider  it  as  effecting  a  kind  of  de* 
composition  of  the  liquid  albumen.  We  might  thus  consider 
liquid  albumen  as  a  compound  of  albumen  and  soda  dissolved 
in'  water :  the  effect  of  heat  would  then  be  to  transfer  the  soda  to 
the  water,  and  thus  occasion  a  coagulation ;  and  a  solution  of 
soiia  is  always  found  oozing  from  coagulated  serum,  and  has 
sometimes  been  called  serosity  ;  in  time  it  re-acts  upon  the 
eoagulum,  and  dii«solves  a  portion  of  it. 

2116.  When  albumen  is  dried  in  a  moderate  heat,  it  $hrinks 
and  becomes  brown  and  semi-transparent,  resembling  horn  in 
appeanioce  and  properties/  In  this  state  it  scarcely  dissolves 
in  boiling  water,  though  it  gradually  softens;  it  is  not  prone  lo 
decomposition  ;  it  dissolves  in  the  alkalies,  a  portion  of  ammonia 
being  evolved  and  a  saponaceous  compound  formed.  Dilute 
nitric  acid  converts  it  into  a  substance  having  the  properties  of 
gelatine. t 

By  destructive  distillation  albumen  furnishes  a  variety  of 
products  characterized  by  the  presence  of  a  large  proportion 
of  ammonia.  According  to  Gay-Lussac  and  Thenard^j:  its  ulti- 
mate constituents  are 

Carbon .  59,8ft3 

Oxyjfen ?3,872 

Hydrof^en 7,540 

Nitrogeo 15,705 

100,000 

2117.  W^hen  the  eoagulum  of  the  blood  is- carefully  washed 
under  a  small  stream  of  water,  the  colouring  matter  is  gradually 
dissolved,  and  washed  out  jf  it,  and  a  white  fibrous  substance 
remains*  which  has  been  termed  fibrina  or  coaguiabU  iympA, 
but  of  which  the  chemical  properties  are  those  of  albumen. 

It  sometimps  happens,  when  the  blood  is  long  in  coagulating^, 
as  in  certain  inflammatory  diseases,  that  a  portion  of  this  albo* 
men  is  left  without  the  colouring  matter,  forming  what  has 
been  called  the  bujffk/  coat  of  blood ;  in  this  case  it  is  so  toQ^h 
as  to  admit  of  being  removed  from,  the  celotired  portion,  and 
when  dried,  shrinks  up,  and  appears  exactly  like  horn. 


*  Bostock,  NtcliolBO0*B  Journal,  xiv. 
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Although  the  cause  of  the  spontaneous  coagulation  of  blood 
be  unknown,  the  process  consists  in  a  poHion  of  the  albumen 
separating  in  a  solid  form  along  with  the  colouring  matter,  while 
another  portion  renrains  dissolved  in  the  serum  ;  thia  efiect  is 
somewhat  analogous  to  the  crystallizaiton  of  a  saline  solution, 
in  which  one  portion  of  the  salt  separates,  while  another  re- 
mains dissolved. 

2118.  Much  uncertainty  prevails  among  chemists  relative  to  CaoMof 
the  cause  of  the  colour  of  the  red  globules  of  blood.     It  has  *^**'^' 
been  ascribed  to  the  presence  of  peroxide  of  iron,  an  opinion 
adopted  by  Fourcroy  and  Vauquelin.     The  subject  was  investi- 
gated in  1812  by  Berzeiius:  on  comparing  together  the  compo-  BerMHui'M- 
sition  of  the  three  principal  ingredients  of  the  blood  he  found  ^^'"^ 
that  the  ashes  of  the  colouring  matter  always  yielded  oxide  of 

iron  in  the  proportion  of  ^^th  of  the  original  mass,  while  the 
oxide  was  entirely  wanting  in  the  fibrin  and  albumen.  Hence 
it  was  inferred  that  iron  is  eoncemed  in  the  production  of  the 
red  colour. 

Mr  Brande*  obtained  results  quite  contrary  to  those  of  Ber-  armada*!  w 
zelius.  He  detected  iron  in  the  ashes  of  the  serum  and  fibrin,  i^"°~^' 
as 'Well  as  in  those  of  the  red  globules,  and  in  each  it  was  present 
in  such  minute  quantity,  that  no  efiect  as  a  colouring  agent  could 
be  expected  from  it.  Mr  Brande  supposed  that  the  tiut  of  the 
red  globules  is  produced  by  a  peculiar  animal  colouring  princi- 
ple, capable,  like  other  substances  of  a  similar  nature,  of  com- 
bining with  metallic  oxides.  t 

The  conclusions  of  Mr  Brande  rec**ived  additional  support  ^^ 

from  the  researches  of  V)iuquelin,t  but  the, question  has  been 
finally  decided  by  Dr  Engelhart):  He  demonstrated  ih<u  the  FnireUiart*! 
fibrin  and  albumen  of  the  blood,  when  carefully  separated  from  ''^i'*''*^*'***^ 
colouring  particles,  do  not  contain  a  trace  of  iron  j  on  the  con- 
trary, he  procured  iron  from  the  red  globules  by  incineration. 
He  has  likewise  proved  the  existence  of  iron  in  the  colouring 
matter  of  blood  by  the  liquid  tests ;  for,  on  transmitting  a 
eurrent  of  chlorine  gas  through  a  solution  of  red  globules,  the 
colour  entirely  disappeared,  white  flocks  were  thrown  down, 
and  a  transparent  solution  remained,  in  which  the  peroxide  of 
iron  was  diacovered  by  the  usual  reagents.  These  facts  have 
been  since  confirmed  by  M.  Rose. 

2119.  Dr  Eogelhart  has  procured  the  colouring  matter  of  the 
blood  in  a  pure  state  by  a  method  founded  on  the  fact,  that 
serum,  when  much  diluted,  does  not  coagulate  by  heat,  whde 
the  red  particles  are  coagulated,  and  fall  down  in  the  form  of 
brown  flocks.  Serum  diluted  with  ten  parts  of  water  does  not 
coagulate  at  167^  F.  but  the  colouring  matter,  dissolved  in  fifty 
parts  of  water,  begins  to  coagulate  at  149°.     T.  630. 

2120.  Besides  the  principles  now  enumerated,  and  which  Bioodeon- 
may  be  considered  as  essential  to  the  blood,  it  often  contains  ^.'^'^'^'^ 

•  Phil,  TrmMS.  1819.      1  Ann,  4t  Ckia.  etie  Pky:  i.      %  Ednu  Mad.  vtd  Smrg^wr,  JftB.  7. 1687. 
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carbonic  acid,  which  escapes  when  the  biood  is  gently  healed, 
or  placed  under  the  exhausled  receiver  of  the  air-pump. 

Experiments  on  the  blood,  ia  different  diseases,  have  thrown 
•      no  light  whatever  on  their  nature,  nor  have  any  material  differ- 
eoces  been  found  in  the  bloody  of  the  same  animal  at  differeot 
periods,  or  in  that  of  different  animals  of  the  same  class. 


Section  III.     Milk, 

2121.  The  chemical  properties  of  this  secretion  differ  some- 
what in  different  animals.  The  milk  of  the  cow  has  been  most 
attentively  examined,  and  it  has  the  following  properties  : 

CropcrtiM.  It  is  nearly  opaque ;  white,  or  slightly  yellow  ;  of  an  agree- 
able sweetish  taste,  and  a  peculiar  smell.  Its  specific  gravity 
varies  from  1018  to  1020.  It  boils  at  a  temperature  a  little 
above  that  of  water,  and  freezes  at  32**.  When  allowed  to  re- 
main a  few  hours  at  rest,  a  thick  unctuous  liquid  collects  upon 
its.  surface  called  cream  ;  the  colour  of  the  remaining  milk  be- 
comes bluish  white,  and  when  heated  to  about  LOO^  with  a  little 
rennet  it  readily  separates  into  a  coagulutn  or  curd^  and  a 
sentm  or  tvhey.  In  this  way  the  three  principal  constituents 
of  milk  are  separable  from  each  other. 

2122.  By  the  process  of  churning,  cream  is  separable  into 
Biitttv.         butleTy  and  buiier-milk,  the  latter  being  the  whey  united  to  a 

portion  of  curd.* 

Butter  may  be  considered  as  an  animal  oil,  containing  a  small 
^  portion  of  curd  and  whey.     It  liquefies  at  about  9S^«  and  by 

this  process  the  impurities  are  separated,  and  it  remains  a  longer 
time  without  becoming  rancid. 

oii«.  ^  2123.  The  curd  oi  milk  has  the  leading  properties  of  coagu- 
lated albumen,  and,  like  that  principle,  is  eoagulable  by  alcohol 
and  acids,  and  is  also  similarly  affected  by  Voltaic  electricity ; 
heat  slowly  produces  the  same  effect,  and  by  boiling  milk,  the 
albumen  separates  in  successive  films. 

Chatm  2124.  Curd,  in  combination  with  various  proportions  of  but- 

ter, constitutes  the  varieties  of  cheese}  that  containing  the 
largest  quantity  of  oil  becomes  semi-fluid  when  heated  ;  bad 
cheese  which  consists  of  little  else  than  curd  or  albumen,  shrinks 
and  dries  when  heated,  curling  up  like  a  piece  of  horn. 

2125.  The  products  of  the  fermentation  of  cheese  have  been 
examined  by  M.  Braconoot,  who  has  shown  that  the  substance 
called  by  Proust  caseous  oxide  has  no  claim  to  such  a  title,  and 

ApoMpwiioe.  proposes  to  call*  it  ^posepedinCy  from  «)r*  and  c^anJWt,  (result  of 
putrefaction).     To  obtain  this  substance  the  curd  of  skim-*milk 

^Xecoiding  to  BcneliiM,  lOQ  parts  of  creaai,  of  the  ipccific  ^rarity  of  1094,  conaist  of 

Butter      -..-->....••.      4,5 

Curd 3,5 

Whey       ...    - 99,9 
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sponUncousIy  coag;uIated  is  to  be  mixed  with  water  and  exposed 
in  an  open  vessel  until  the  putrefaction  has  fully  attained  its 
height.  By  filtration  a  liquid  is  obtained  which,  on  betng  eon* 
centrated  thy  evaporation;  yields  a  product  of  a  very  fetid 
odour,  owing  apparently  to  the  presence  of  an  oily  substance. 
Towards  the  close  of  the  evaporation  vapours  of  acetic  acid  pass 
over,  and  a  liquid  of  the  consistence  of  sirup  remains,  which 
on  cooling  concretes  into  a  granulated  reddish  mass  like  honey, 
and  of  a  saline  bitter  taste.  Treated  by  alcohol  it  is  separated 
into  a  soluble  and  insoluble  portion.  The  latter  is  the  •Spose* 
pedine  of  M.  Braconnot,  the  former  is  the  caseate  of  ammonia 
of  Proust. 

2126.  Aposepedine  when  pure   is  in    the   form  of  a  white  Properti«. 
powder,  inodorous  and  of  a  slight  bitter  taste.     It  is  heavier 

than  water,  and  soluble  in  14  parts  of  water  at  123°  F.  By 
spontaneous  evaporation  this  substance  crystallizes  either  in  the 
form  of  elegant  dendritic  ramifications,  or  in  rings  composed  of 
delicate  acicular  crystals  of  a  silky  lustre.  It  takes  fire  when 
strongly  heated,  and  burns  with  flame  having  no  residue.  The 
presence  of  sulphur  is  demonstrated  by  the  formation  of  sulphu- 
retted hydrogen,  and  by  rubbing  a  piece  of  silver  with  it  while 
heated,  when  the  sulphuret  of  silver  is  formed. 

From  these  and  other  facts*"  it  appears  to  possess  the  charac- 
ters of  an  animal  substance.  M.  Braconnot  considers  it  to  be 
formed  during  the  putrefaction  of  all  animal  matters  :  it  is  also 
generated  in  some  diseases. 

2127.  Caseic  ^cid. — The  substance  called  caseate  q/*  am- cweic  add. 
mania  by  Proust  and  separated  by  the  action  of  alcohol  from 
impure  caseous  oxide  or  aposepedine,  appears  to  be  a  very  com- 
plex substance.     The  alcoholic  solution,  on  standing  for  about     ' 

a  month,  deposited  a  little  animal  matter  which  Proust  supposed 
to  be  gum.  It  yielded  likewise  flattened  hexaedral  crystals  of 
phosphate  of  soda  and  ammonia,  iderived,  M.  Braconnot  con- 
ceives^ from  the  serum  contained  in  the  curd.  The  alcoholic 
solution,  after  depositing  the  double  phosphaiC,  was  found 
to  contain  the  following  substances:  1.  Free  acetic  acid;  2. 
Aposepedine  ;  3.  Animal  matter  soluble  in  water  and  insoluble  . 
in  rectified  alcohol  ^t  4.  Animal  matter  soluble  both  in  water 
and  alcohol ;  5.  Yellow  oil,  fluid  and  pungent ;  6.  Brown 
resin  ;  7.  Acetate  of  potassa ;  8.  Muriate  of  potassa  ;  and 
traces  of  the  acetate  of  ammonia.  The  caseic  acid  of  Proust 
has  therefore  no  existence;  and  the  acidity  of  the  supposed 
compound  is  owing  to  acetic  acid,  while  its  pungency  is  chiefly 
occasioned  by  the  yellow  oil.} 

2128.  fV/iey  is  a  transparent  fluid  of  a  pale  yellow  colour  and  whey. 
a  sweetish  flavour  ;  by  evaporation  it  afibrds  a  minute  quantity 

of  saline  matter,  and  a  considerable  portion  of  sugar  of  milk. 

*  See  at)  abstract  of  M.  Brac<»nnot*s  nioinoir  in  Kdin*  Philos.  Jour.  xvi.  S67. 

t  SupiKised  to  bo  OMiazomc.  %  .iitn«  dc  Ckim»  H  de  PkgS'  xxxv.  150. 
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2129^  In  some  cases  whey  may  be  made  to  under|ro  Finoiis 
fermentation  ;  and  the  Tartars,  it  is  said,  prepare  a  kind  of  wine 
from  the  whey  of  mare's  milk,  which  they  call  Koumiss^* 

3130.  Sugar  of  Milk  may  be  obtained  in  white  rhomboidal 
crystals,  of  a  sweet  taste,  and  soluble  in  seven  parts  of  water  at 
60^,  but  insoluble  in  alcohol.  When  exposed  to  beat,  it  affords 
nearly  the  same  products  as  common  su^ar.  It  consists,  accord- 
ing to  Berzeiius,  when  deprived  of  water,  of 

Carbon 45,«67 

.    Oivff^D 48,348 

HjiJiogen 6,386 

100,000 

2131.  It  is  not  susceptible  of  undergoing  the  vinous  fermen- 
tation ;  and  when  digested  with  nitric  acid  it  yields  the  saccho^ 
lactic  acid  J  a  property  first  noticed  by  Scheele,  and  which 
dii^tinguishes  the  saccharine  principle  of  milk  from  every  other 
species  of  sugar.  Like  starch,  it  is  convertible  into  real  sugar 
by  being  boiled  in  water  acidulated  with  sulphuric  acid.  The 
sugar  of  milk  contains  no  nitrogen,  and  according  to  the  analy- 
sis of  Gay-Lussac  and  Thenard,  is  very  analogous  to  commoa 
sugar  in  the  proportion  of  its  elements.     T. 

2132.  The  saccholaieSf  or  saclactateSy  have  scarcely  been 
examined.  With  ammonia,  potassa,  and  soda,  this  acid  forms 
crystallizable  compounds,  more  soluble  than  the  acid.  The 
saclactates  of  lime,  baryta,  and  strontia,  are  insoluble,  as  are 
those  of  silver,  mercury,  and  lead. 

2133.  When  milk  or  whey  are  exposed  to  a  temperature  be- 
tween 60°  and  80°,  they  undergo  a  spontaneous  change,  attend- 
ed by  the  production  of  an  acid,  which  was  originally  examined 
by  Schccle,  and  has  been  termed  lactic  acid,  Fourcroy  and 
Vauquelin  have  shown  reason  to  suspect  its  peculiar  nature,  and 
were  led  to  regard  it  as  identical  with  the  acetic  acid.  Berze- 
iius has  more  recently  revived  the  opinion  of  Scheele,  but  Prof. 
Brande  is  induced  from  his  own  experiments  to  believe,  that 
if  it  be  not  the  acetic  acid  originally,  it  becomes  so  by  combi- 
nation with  a  base,  and  subsequent  separation  by  sulphuric  acid. 


Section  IV.     Bile. 


rroportict. 


2134.  This  secretion  is  formed  in  the  liver,  from  venous 
blood.  It  is  an  unctuous  liquid,  of  a  yellowish  green  colour, 
and  its  specific  gravity  is  between  1020  and  1030.  Its  taste  is 
intensely  bitter,  and  it  readily  putrefies,  exhaling  a  most  nause- 
ous odour. 

2135.  According  to  Thenard  the  bile  of  the  ox  consists  of 
three  distinct  animal  principles,  a  yellow  colouring  matter,  a 

♦  Kd.n%urgh  Phil.  Trmtn.  toI.  ii. 
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species  of  resin,  and  a  peculiar  substance,  to  which,  from  its 
sweetish  bitter  taste,  he  has  applied  the  name  otpicromeL  Ac- 
cording to  his  analysis  800  parts  of  bile  consist  of  w^ter  700 
parts,  resin  15,  picromel  69,  yellow  matter  about  4,  soda  4, 
phosphate  of  soda  £,  muriates  of  soda  and  potassa  3,5,  sulphate 
of  soda  0,8,  phosphate  of  lime  and  perhaps  magnesia  1,2,  and 
a  trace  of  oxide  of  iron.  He  supposed  the  resin  to  be  combined 
with  the  picromel  and  soda,  and  ascribes  its  solubility  in  water 
to  this  cause. 

Berzeli us  denies  that  this  fluid  contains  any  resinous  principle, 
and  regards  the  yellow  matter,  resin* and  picromel  of  Thenard, 
as  one  and  the  same  substance,  to  which  he  applies  the  name  of 
Biliary  matter.^ 

2136.  Biliary  Calculi  are  of  two  kinds;  those  which  most  Biliary cai- 
commonly  occur,  are  soft,  fusible,  and  of  ^crystalline  texture,  ^^' 
and  inflammable.  They  have  generally  been  considered  as 
closely  resembling  spermaceti ;  they  are  soluble  in  boiling  alco- 
hol, in  ether,  and  difficultly  in  oil  of  turpentine.  Chevreul,  hav- 
ing remarked  some  peculiarities  in  this  substance,  is  induced  to 
regard  it  as  a  peculiar  animal  principle,  and  distinguishes  it  by 

the  name  of  cholesterine.  Choiertenae. 

2137.  Cholesterine  is  fusible  at  280^,  and  on  eooling  con- 
cretes into  a  crystalline  mass ;  rapidly  heated  to  about  400^,  it 
evaporates  in  dense  smoke ;  it  is  insoluble  in  water,  and  nearly 
SQ  in  cold  alcohol ;  boiling  alcohol  dissolves  about  ^V^^  ^^ 
weight.  It  is  soluble  in  nitric  acid;  but  not  convertible  into 
soap  by  the  alkalies. 

2 1 38.  The  other  kind  of  biliary  calculus  resembles  inspissated 
bile  in  appearance,  but  difi*ers  from  it  in  bein^c  insoluble  in  alco- 
hol sjkd  water.  It  is  often  mixed  with  variable  proportions  of 
the  former,  constituting  biliary  calculi  of  intermediate  charac- 
ters. 

2139.  The  gall-stone  of  the  ox  is  nearly  insoluble  in  water 
and  alcohol,  and  appears  to  consist  chiefly  of  the  yellow  matter 
of  bile ;  painters  sometimes  use  it  as  a  yellow  pigment. 

2140.  Erythrogen, — This  substance  was  discovered  in  1821  E,yo,ro«ii. 
by  M.  Bizio  of  Venice,  in  a  peculiar  fluid,  quite  difierent  from 

bile,  which  was  found  in  the  gall-bladder  of  a  person  who  had 
died  of  jaundice.  It  is  of  a  green  colour,  transparent,  tasteless, 
and  of  the  odour  of  putrid  fish.  It  is  unctuous  to  the  to^och, 
may  be  scratched  or  cut  with  facility,  and  has  a  specific  gravity 
of  1,57,  It  fuses  at  110^  F.  and  at  122^  rises  in  vapour.  It 
is  insoluble  in  water  and  ether,  but  readily  dissolved  by  hot 
alcohol,  and  the  solution  yields  crystals.  When  put  into  nitric 
acid  of  the  temperature  of  about  120^  or  140^  F.  its  green  tint 
disappears,  effervescence,  owing  to  the  escape  of  oxygen  gas, 
ensues,  and  the  solution  acquires  a  deep  purple  colour.  A 
similar  phenomenon  takes  place,  with  disengagement  of  hydro- 

—      ■  ll      ■■     I     ■       I— ll^tii— 1^1     III  ■  »M»^— ^i1— — ^M^.^— i^»»^ »^ii^— — i— 
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gen  gas,  when  erythrogen  is  digested  in  a  solution  of  ammonja, 
and  when  volatilized  in  the  open  air,  it  yields  a  purple  coloured 
vapour.  M.  fiizio  is  of  opinion  that  the  erythrogen,  unites 
with  nitrogen,  and  that  the  product  is  identical  with  the  colour- 
ing matter  of  the  blood.  The  production  of  the  red  compound 
is  characteristic  of  erythrogen,  and  suggested  the  name  by 
which  this  substance  is  designated,  Epv^^tt  ruber.*    T. 
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Sectiqw  V,    Lymphy  Mucus,  PuSy  fyc, 

2141.  The  liquid  which  lubricates  the  different  cavities  of 
the  body,  which  is  contained  in  the  lymphatics,  and  which 
occasionally  forms  ^e  chief  contents  of  the  thoracic  duct,  has 
been  termed  lymph.  It  is' colourless,  transparent,  miscible  in 
all  proportions  with  water,  does  not  affect  vegetable  blues,  is 
not  coagulated  by  acids  or  alcohol,  but  only  rendered  slightly 
turbid  by  the  latter.  It  has  the  characters  of  a  very  ireak 
solution  of  albumen. 

The  fluid  which  collects  in  cases  of  dropsy  and  in  vesica- 
tions is  of  a  similar  nature,  but  the  proportion  of  albumen  is 
liable  to  variation,  and  hence  it  is  differently  influenced  by 
tests;  when  very  rapidly  thrown  out  from  inflamed  surfaces, 
it  sometimes  furnishes  a  coagulum,  apparently  as  abundant  as 
that  of  the  serum  of  the  blood.  ' 

2H2.  The  term  mucus  has  sometimes  been  applied  to  these 
fluids  when  they  have  undergone  a  certain  degree  of  i^^pissa- 
tion  ;  at  other  times,  it  has  been  used  to  designate  a  very  alka* 
line  albuminous  fluid.  Dr  Bostock  has  pointed  out  some  cir- 
cumstances in  which  mucus  differs  from  liquid  albumen,  and 
has  proposed  subacetate  of  lead  as  a  test  for  its  presence.t  But 
that  salt  is  iso  easily  decomposed  by  many  vegetable  and  animal 
substances,  as  to  render  it  of  doubtful  efficacy  for  this  purpose. 

2143.  Saliva  consists,  according  to  Dr  Bostock,^  of 

Water 80 

Codgulaied  albumen  ..*•..«...  8 

Mucus ....•••  Jl 

Sttliat -fubtttauces    •    • 1 

100 

Mr  Brande  found  that  it  was  copiously  coagulable  by  the 
action  of  Voltaic  electricit}^,  and  was  hence  induced  to  consider 
the  mucus  as  a  peculiar  albuminous  combination,  not  coagulable 
by  the  usual  means. § 

2144.  The  Pancreatic  Juiee'hM  hot  been  minutely  examin* 
ed,  but  from  the  experiments  of  Dr  Fordyce,  it  would  appear  to 

/  differ  little  from  saliva. 


*  Quart,  Jour,  xvu 
^  PhiL  TroAa,  le09. 


t  Nicboboii*B  Jntmalt  vol.  ix. 
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2145.   Tears  contain  a  small  portion  of  albumen  combined  'r««n- 
with  soda,  muriate  of  soda,  and  water.     There  are  also  small 
portions  of  other  salts. 

;2146.   The  humours  of  the  eye.— The  aqueotis  humour  is  Humou«of 
composed  of  water  holding  a  minute  quantity  of  albumen  and    '^*^*' 
saline  matter  in  solution  ;  the, crystalline  lens  also  contains 
more  than  half  its  weight  of  water,  the  remainder  being  an 
albuminous  substance  with  traces  of  muriates. 

2147.  Synoixia  is  the  fluid  which  lubricates  the  surfaces  of  SjnoTia. 
joints.     It  contains,  according  to  Mr  Hatchett/  a  small  portion 

of  phosphate  of  lime,  and  of  phosphate  of  soda  and  ammonia; 
the  animal  principle  appeared  to  be  albumen. 

2148.  Pus  is  a  term  applied  to  a  variety  of  secretions  from  Piu. 
abscesses'  and  ulcerated  surfaces.  When  it  indicates  a  healing 
sore,  it  has  been  called  healthy  pusy  and  has  the  following 
properties.  It  has  the  consistency  of  cream,  a  yellowish  col- 
oiir,  and  exhibits,  under  the  microscope,  the  appearance  of 
globules  diffused  through  a  fluid.t  Its  specific  gravity  is  about 
1,030.  It  does  not  affect  vegetable  colours  till  it  has  been  some 
time  exposed  to  air,  when  it  becomes  slightly  sour;  it  does  not 
easily  mix  with  water,  alcohol,  or  dilute  acids.:tv 

2149.  Formic  acid^  or  acid  of  ants.     This  is  a  peculiar  acid  Formic  tad. 
which  exists  in  the  red  ant ;  it  was  examined  by  Fourcroy  and 
Vauquelin  who  inferred  that  it  is  merely  a  mixture  of  acetic 

and  malic  acids.  Dobereiner  has  formed  it  artificially,  by 
slightly  heating  bi-tartrate  of  potassa  or  tartaric  acid  with  black  , 

oxide  of  manganese.  A  great  quantity  of  carbonic  acid  escapes, 
and  a  sour  colourless  liquid  distils,  which  is  formic  acid.  It 
may  be  obtained  from  red  ants  by  infusing  them  in  warm  water 
and  distillation.  It  is  regarded  as  a  secretion  and  as  consti- 
tuted of 

,     Atoms. 
Oxygen 2 12  ^  CompoiWoB. 

Carbon 3 24 

Hjdrogen  ^ 1 1* 


• 
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Or  as  constituted  of  1  volume  of  the  vappur  of  water  -f  2  vol- 
umes of  carbonic  oxide  gas.§  Its  compounds  are  termed  For- 
miates. 


Section  VI.     Urine,  Urinary  Calculi,  fyc, 

2150.  This  secretion  presents,  perhaps,  greater  difiiculties  to  urUM. 
the  analytical  chemist,  than  any  other  animal  product ;  it  is  ex- 
tremely complex,  and  subject  to  constant  change  in  the  propor- 


-h^- 


•  PUl.  Trant.  1799.  "    f  Home,  On  UUers,  2  Edit.  p.  11 

X  S«o  Dr  Pearaon't  KxptrimeniM  on  Pus,  Ntcholmn's  Journal^  xxx, 
$  ^nn,  of  Pkiloo.  N.  8.  ix.  490. 
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lions  of  its  components,  and  in  disease  several  new  substances 
make  their  appearance. 

The  chemical  history  of  the  urine  is  of  the  utmost  importance 
to  the  medical  practitioner ;  it  teaches  the  nature  of  the  sub- 
stances which  occasionally  predominate,  so  as  to  constitute 
gravel  and  calculi :  and  shows  the  means  of  idfluencing  and 
modifying  its  composition. 

The  general  characters  of  the  urine  are  too  well  known  to 
need  description.  Its  specific  gravity  is  of  course  liable  to 
much  variation  even  in  the  healthy  state,  fluctuating  between 
1005  and  1040.     The  average  is  about  1020. 

2151.  The  substances  that  are  always  found  in  urine  are^ 
according  to  Mr  Brande's  experiments,  the  following: 

1.  Water.  7.  Phosphate  of  poda. 

2.  Carbonic  acid.  8.  Phosphate  of  magnesia. 

3.  Phosphoric  acid.  9.  Coiiimoa  salt. 

4.  Uric  acid.  10.  Sulphate  of  coda. 

5.  Phosphate  of  lime.  11.  Albumen. 

6.  Phosphate  of  auimonia.  12.  Urea.* 

2152.  The  existence  of  free  acid  in  recently  voided  urine  is 
easily  demonstrated  "by  its  property  of  reddening  vegetable 
blues,  and  it  performs  the  important  office  of  retaining  some 
difficultly  soluble  salts  in  permanent  solution  ;  so  that  whenever 
this  natural  acidity  is  diminished,  the  urine  has  a  tendency  to 
deposit  the  earthy  phosphates.! 

2153.  The  presence  of  carbonic  acid  may  be  shown  by 
placing  urine  under  the  receiver  of  the  air-pump  ;  during  ex- 

/haustion  it  escapes,  sometimes  copiously,  but  at  other  times  in 
minute  quantities  only. 

2154.  The  free  Phosphoric  crc/rfmay  be  shown  by  the  addi- 
tion of  earbonate  of  lime,  a  portion  of  which  is  converted  into 
phosphate  of  lime. 

2155.  Uric  acid  is  one  of  the  peculiar  characteristics  of  the 
urine ;  its  presence  may  be  shown  by  evaporating  urine  to  half 
its  bulk,  which  produces  a  precipitate  consisting  of  phosphate 
of  lime  and  uric  acid  ;  the  former  may  be  \iissolved  by  dilute 
muriatic  acid,  which  leaves  the  latter  in  the  form  of  a  reddish 
powder.  This  acid  has  bee/J  very  ably  examined  b}'  Dr  Henry, 
who  made  it  the  subject  of  a  thesis  published   in   1807  :  Dr 

'^  

*  According  to  Berzolius  ICOO  parte  of  urino  are  compoaed  of 

Water 033.00 

Ureo 30,10 

Urio  arid    ----- 1,00 

Frbn  iHctic  ncid,  lactate  nrammonia*  and  )  |»  14 

ntiiiiial  matter  not. separable  froDi  theu  (  *    J^i4  ^ 

Mucud  of  Ihc  bladder    --------  0,.T2 

Sulfttiato  of  potawa  -    --------  3,71 

"       ofsotla      ---- 3,16 

rhofphate  of  i»oda    ---------  2,94 

"         of  aiiiinoiiia       -----         -  l^Po 

Muriate  of  aoda   ----------  4,45 

"       of  Hmmonin      --.----_  1,541 

Fniihy  mattere,  with  a  trace  of  lluate'  of  Doio  1,00 

Siliceous  oiirUi     ----------  0,03 

t  Dr  Prout  maiataiui  that  tJia  a«idity  of  recent  urioe  ia  occasiooed  by  supor-galu,  and  not  br 
nacombiaed  aetd. 
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Prout  has  also  given  much  valuable  information  in  relation 
to  it.    • 

Uric  acid,  called  sometimes  lithic  acid,  as  constituting  the  Howobuia- 
principal  ingredient  in  certain  urinary  calculi,  may  be  abundant- 
ly obtained  by  digesting  such  calculi  (21 6£^)  in  caustic  potassa, 
filtering  the  solution,  and  adding  excess  of  muriatic  acid,  which 
causes  a  precipitate  of  uric  acid,  which  is  to  be  washed  with 
warm  water,  and  dried. 

Uric  acid,  thus  obtained,  is  a  grey  powder,  of  scarcely  any  PropertiM. 
taste,  tnd  requiring  according  to  Dr  Henry  1720  parts  of  water 
at  60^9  and  1150  parts  at  212°  for  solution.  It  reddens  infusion 
of  litmus,  and  readily  dissolves  in  caustic  potassa,  and  soda  ;  it 
i^  sparingly  soluble  in  ammonia,  and  insoluble  in  the  alkaline 
carbpnates. 

According  to  Dr  Prout,  uric  acid  requires  at  least  10000 
parts  of  water  at  60°  for  its  solution,  but  urate  of  ammonia 
requires  only  about  480  times  its  weight  at  the  same  tempera- 
ture, and  affords  a  precipitate  of  uric  acid,  on  the  addition  of 
any  other  acid  ;  for  these,  among  other  reasons,  Dr  Prout  re- 
gards urate  of  ammonia,  and  not  pure  uric  acid,  as  existing  in 
urine. 

2156.  Uric  acid  dissolves  in  nitric  acid,  and  upon  evapora- 
tion a  residuum  of  a  fine  red  tint  is  obtained,  which  is  peculiar 
to  this  combination,  and  which  Dr  Prout  has  lately  shown  to 
possess  distinct  acid  properties ;  he  has  called  it  purpuric  odd.*  Ponxui* 

2157.  When  uric  acid  is  submitted  to  destructive  disiillation,  ^ 
it  affords  carbonate'of  ammonia,  and  a  peculiar  compound,  which 
sublimes  in  crystals,  and  which,  according  to  Dr  Henry,  con- 
sists of  a  peculiar  acid  united  to  ammonia  ;  a  quantity  of  char- 
cnal  remains  in  the  retort.  Its  ultimate  constituents^  according 
to  Dr  Prout,  are 

1  proportional  of  nitrofen    ...  14 

2 carboD  6  X  2  =  12 

1           '     ■  ox^^cn     ...  8 

4          ' bjrdrogen       •    .  1 

35t 

2158.  Phosphate  of  Lime  may  be  precipitated  from  urine  ph(»phat«  of 
by  the  addition  of  ammonia  \    its  relative  quantity  is  liable  to  ^^^' 
much  fluctuation ;  sometimes  it  becomes  so  great  as  to  be  de- 
posited as  the  urine  cools,  constituting  what  has  been  termed 

white  sand, 

2159.  The  Phosphates  qf  Ammonia^  of  Soda^  and  of  Mag'  .of  ammo- 
nesia^  and  common  Salt^  constitute  the  principal  crystalliza-  "»*'**• 
ble  salts  contained  in  the  urine ;  the  first  of  these  is  probably 

in  great  part  produced  during  evaporation,  for  the  saline  mass 
obtained  by  inspissating  urine  is  no  longer  acid  ;  the  carbonic 

*  PkiL  Trans.  1818. 

t  Tiie  urates  liavo  principally  beau  axamioad  bj  Dr  Henry,  and  as  account  of  many  of  thaaa  ia 
f ivan  in  hu  Thesis  above  quotod. 
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having  escaped,  and  the  phosphoric  being  saturated  by  ammonia. 
The  inicrocosmic  salty  or  fusible  salt  of  urine,  of  the  old 
chemists,  is  chiefly  phosphate  of  ammonia  with  a  little  phosphate 
of  soda,  or  perhaps  a  triple  ammonio-phosphate  of  soda.  (1049). 

2160.  The  JifnmoniacO'magnesian  Phosphate  (1190)  is  a 
common,  and  almost  constant  ingredient  in  urine.  It  forms 
a  part  of  the  white  sand  voided  in  certain  calculous  affections, 
and  is  sometimes  formed  in  a  film  upon  the  surface  of  the 
urine,  having  been  held  in  solution  by  carbonic  acid,  and  being 
deposited  as  that  gas  esca];^s.  * 

2161.  The  existence  of  Sulphuric  acid,  probably  combined 
with  soda,  and  perhaps  also  with  potassa,  may  be  detected  io 
urine  by  the  addition  of  nitrate  of  baryta,  which  occasions  a 
precipitate  of  sulphate  of  baryta. 

As  urine  blackens  silver,  it  has  been  said  to  contain  ^t/ijp)^tfr; 
but  this  is  not  the  case  with  recent  urine,  and  when  it  becomes 
slightly  putrid  it  evolves  a  little  sulphuretted  hydrogen. 

2162.  The  existence  of  albuminous  matter  in  urine  is  some- 
times easily  demonstrated  ;  at  others,  the  secretion  seems  not 
to  contain  it.  It  has  been  said,  by  Mr  Cruickshank,  that  the 
urine  in  some  dropsical,  cases  contains  so  much  albumen  as  to  be 
coagulable  by  heat,*  but  if  that  ever  be  the  case,  the  secretion 
could  hardly  be  called  urine.  It  seems  questionable  whether 
the  albumen  of  urine  should  not  sometimes  be  regarded  as  de- 
rived from  the  mucous  secretion  of  the  bladder.  Dr  Prout,  in 
his  Inquiry  into  the  Nature  and  Treatment  of  Gravel,  &c 
has  described  some  cases  of  albuminous  urine,  and  has  ad- 
verted to  its  method  of  cure. 

2163.  Urea  is  the  principle  which  confers  upon  urine  its 
chief  peculiarities. 

It  may  be  Qbtained  by  >]owIy  evaporating  urine  to  the  consiMeDcy  of  nrop ; 
on  cooling  it  concretes  into  a  saline  mass,  which  by  digeetion  in  alcohol, 
furnishes  urea.  By  carefalJy  distilling  off  the  alcohol,  the  urea  remKins  in  the 
form  ^f  a  brown  cryttallized  mast,  which,  by  purification,  furntshea  colourless 
prismatic  crystals. t 

Urea  is  very  scfluble  ;  water,  at  60^,  takes  up  about  its  own 
weight,  and  boiling  water  appears  to  dissolve  it  in  any  quantity, 
and  without  alteration :  boiling  alcohol  takes  up  its  own  weight, 
and  on  cooling  the  urea  separates  in  crystals.  Sulphuric  ether 
scarcely  dissolves  an  appreciable  portion.  Nitric  acid  produces 
a  crystalline  precipitate  in  the  aqueous  solution  of  urea  consist- 
ing of  the  two  substances  according  to  Dr  Prout,  in  the  follow- 
ing proportions : 

Nitric  acid 47,37 

Urea      . 52,63 

•  , 

100,00 


•  PhiL  Mag.  vol.  ii- 

t  Other  processes  have  been  gWcn  for  obtaining  urea,  which  afe  objeetioDftble,  on  «eeoimt  of  their 
fsoinplexity  ;  indeed  it  is  doubtful  whethofi  by  ihe  action  of  hoot  and  alcohol,  as  aboTO  described,  it 

if  uot  cousiutrably  ultcred. 
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A  very  similar  compoond  may  also  be  produced  with  oxalic 
acid. 

The  fixed  alkalies  decompose  urea,  and  occasioa  the  evolu- 
tion of  ammonia  and  some  other  products.  It  is  to  this  sub- 
stance that  the  copious  production  of  volatile  alkali,  during  the 
destructive  distillation  of  urine,  is  referable  ;  and  the  ammonia 
which  is  found  in  combination  with  the  acids,  in  putrid  urine, 
is  derived  from  the  ^ame  source. 

Urea  comhines  with  most  of  the  metallic  oxides ;  with  oxide 
of  silver  the  compound  is  grey,  and  it  decomposes  with  detona- 
tion when  heated.* 

In  some  diseased  states  of  the  urine  there  is  a  morbid  excess 
of  urea,  which  may  be  detected  by  putting  a  little  of  the 
urine  into  a  watch-glass,  and  carefully  adding  an  equal  quantity 
of  nitric  acid,  in  such  a  manner  that  the  acid  shall  subside  to 
the  lower  part  of  the  glass ;  if  spontaneous  crystallization  take 
place  it  indicates  excess  of  urea.t 

2164.  Such  are  the  properties  of  the  principal  ingredients  in 
human  urine,  to  which  several  others  have  been  added  by  dif- 
ferent chemists;  but  their  existence  is  only  occasional,  and  often 
doubtful. 

2165.  The  urine  suffers  some  very  remarkable  changes  in  Effector 
certain  diseases,  which  have  been  but  superficially  inquired  ^^*^^'^ 
into  by  chemists.     In  cases  of  injury  of  the  spine,  affecting  the 
nerves  that  supply  the  kidneys  ;  the  urine  is  always  turbid,  and 
often  alkaline ;  and  there  is  a  considerable  tendency  in  these 
cases  to  (iJtia  calculi. 

*  M>  Wohlcr  bu  ttfttod  that  ivhen  CTmnogoo  wu  mad*  to  set  upon  liqokl  ammonia,  amongst  otbet  *  ^^  -^ 
products  wore  oxalic  acid  and  a  white  cryetaUine  substaoce ;  tLe  latter  appeared  to  be  formed  aUo  formatioo 
whenever  cyanic  acid  was  combined  with  ammonia  by  double  decomposition;  it  is  obtained  most  of  Urea, 
readily  when  cyanate  of  silver  is  decomposed  by  muriate  of  ammonia,  or  cyanate  of  lead  by  pure 
ammonia.    The  substance  obtained  appeared  io  colourless,  transparent  foar-sided  rectangular  crys- 
tals.   It  is  aniike  the  other  cyanates  in  not  evolving  carbonic  and  cyanic  acids  by  the  action  of  other 
acids,  nor  does  it  precipitate  the  salts  of  lead  and  silver. 

When  nitric  acid  is  added  to  It,  brilliant  scaly  crystals  are  formed,  which,  when  purified  are  very 
acid ;  these  being  obutralized  give  nothing  but  nitrates  and  the  peculiar  matter  in  its  original  state. 

This  peculiar  action  with  nitric  acid,  induced  a  oomparison  of  it  with  urea  obtained  from  urine, 
when  the  latter  body  was  found  to  be  identical  with  the  peculiar  crystalline  substance  or  cyanate  of 
ammonia,  in  all  the  properties  attributed  to  the  former  body  by  Proust  and  others*  M.  WShler 
remarked  a  circumstance  in  addition  to  those  which  have  been  pointed  out  relative  to  urea,  namely, 
that  when  either  it  or  the  aitificial  compound  is  deoompoeed  by  heat,  besides  a  large  quantity  of 
earbooate  of  ammouiu,  there  is  produced,  towards  the  end  of  the  operation,  the  odour  of  cyanic 
acid,  resembling  that  of  acetic  acid,  exactly  as  in  the  distillation  of  the  cyanate  of  metcury,  or  urio 
aci(j,  or  urate  of  mercury. 

If  urea  is  formed  by  the  union  of  cyanic  aeid  and  iunmonia,  the  composition  of  the  former  ought 
to  agree  with  that  of  the  latter.  The  cyanate  of  ammonia  is  composed  of  50,SS  cyanic  acid  98,14 
ammonia  and  14,74  of  water ;  so  that  the  ultimate  composition  of  this  salt  and  of  the  urea,  as 
analyzed  by  Dr  Prout,  are  as  follows : 

Cyanate  of  ammo.  Urea. 

Aisota         .       .       4  atom*  46,78  .  .  4  atoms  4S.650 

Carbon       -        -       2      "      90,19  -  -  2      "      19,975 

'     Hydrogen  -       .        8      •'        6,59  .  .  8      **        6,670 

Oxygen      -       -       2      "     26,2€  .  -  2      ••      g6,fi60 


jf  mt'  de  CAtm.  xxxvii.  330. 
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DiaUtM.  In  the  disease  called  diabetes,  the  urine  is  not  only  secreted 

in  excess,  but  oflen  contains  a  substance  of  a  sweet  taste,  having 
the  properties  of  sugar,  and  its  specific  gravity  is  considerably 
above  the  healthy  standard.* 

2166.  The  urine  of  graminivorous  animals  differs  considerably 
from  that  of  the  human  subject.  Carbonates,  muriates,  and 
phosphates,  are  the  leading  ingredients  ;  it  also  contains  urea, 
but  not  uric  acid  ;  potassa  is  usually  the  predominating  alkali. 

2167.  It  frequently  happens,  from  a  variety  of  causes,  that 
certain  ingredients  of  human  urine  are  secreted  in  excess,  and 
deposited  in  a  solid  form,  constituting  sandg  or  gravel  and 
calculi. 

Sand  is  either  white  or , red ;  the  former  consists  of  phos* 
phate  of  lime,  and  ammoniaco-magnesian  phosphate,  either  sep- 
arate or  mixed,  and  the  latter  is  chiefly  uric  acid.  The  former 
deposition  is  prevented  by  the  use  of  acids,  and  the  latter  by 
alkalies  and  the  alkahne  earths.  The  modes  of  exhibiting 
these  remedies,  and  the  effects  which  they  pit>duce,  are  describ- 
ed in  a  paper  printed  in  the  Quarterly  Journal  o/  Science  and 
Arts^  vol.  vi. 

2168.  Urinary  calculi  are,  for  the  most  part,  composed  of 
materials  that  exist  at  all  times  in  the  urine,  though  there  are 
a  few  substances  that  only  make  their  occasional  appearance  ia 

Cooiponontfl.  them.     The  following  are  their  component  ingredients : 

1.  Uric  acid.  6.  Oxalate  of  lime. 

2.  Urate  of  ammonia.      «  6.  Carbonate  of  lime. 

3.  Phosphate  of  lime.  7.  Cjstic  oxide.       ^ 

4.  Aoimonio-maKDesian  phoiphate. 

2169.  The  calculi  composed  of  uric  acid,  of  which  the  chem- 
ical properties  have  already  been  described  (2155),  are  of  a 
brown  or  fawn-colour  ;  and,  when  cut  thi^ough,  appear  of  a 
more  or  less  distinctly  laminated  texture.  Their  surface  is 
generally  smooth,  or  nearly  so,  being  sometimes  slightly  tuber- 
culated.  Before  the  blow-pipe  this  calculus  blackens,  and  gives 
out  a  peculiar  ammoniacal  odour,  leaving  a  minute  portion  of 
white  abh  :  it  is  soluble  in  solution  of  pure  potassa,  and  heated 
with  a  little  nitric  acid,  affords  the  fine  pink  compound,  above 
mentioned  (2156). 

2170.  Phosphate  of  lime  calculus  is  of  a  pale  brown,  or  grey 
colour,  smooth,  and  made  up  of  regular  and  easily  separable 
laminae.  It  is  easily  soluble  in  muriatic  acid  and  precipitated 
by  pure  ammonia,  and  does  not  fuse  before  the  blow-pipe. 
Calculi  from  the  prostate  gland,  are  always  composed  of 
phosphate  of  lime. 

2171.  The  ammonio-magnesian,  or  triple  calculus,  is  gene- 
rally white,  or  pale  grey,  and  the  surface  often  presents  minute 
crystals  ;  its  texture  is  generally  compact,  and  often  somewhat 
hard  and  translucent ;  heated  violently  by  the  blow-pipe,  it 
exhales  ammonia,  and   leaves  phosphate  of  magnesia.      It  is 

*  Jic  r>  vn  /)i«Wtic  Urine.    JUedi60-C/tirmrgieal  7'ran*.  vol.  ii.  p.  US. 
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more  easily  soluble  than  the  preceding,  and  oxalate  of  ammonia 
forms  no  precipitate  in  its  muriatic  solution. 

2172.  It  frequently  happens  that  calculi  consist  of  a  mixture 
of  the  two  last-mentioned  substances,  in  which  case  they  melt 
before  the  blow-pipe,  and  are  hence  termed  fusible^,  calculi,  Fuiiuecai. 
They  are  white  or  nearly  so,  and  softer  than  the  separate  sub-  ^"'"'' 
stances,    often   resembling   chalk   in    appearance.      They   are 

easily  soluble  in  muriatic  acid,  aod  if  oxalate  of  ammonia  be 
added  to  their  solution,  the  lime  is  precipitated  in  the  state  of 
oxalate. 

2173.  Oxalate  of  lime  forms  calculi,  the  exterior  colour  of 
which  is  generally  dark  brown,  or  reddish  ;  they  are  commonly 
rough,  or  tiiberculatbd  upon  the  surface,  and  have  hence  been 

called  mulberry  calculi.     Before  the  blow-pipe  they  blacken  Unteof  aa- 
and  swell,  leaving  a  white  infusible  residue,  which  is  easily  '°^'''^' 
recognised  as  quicklime  (1955).     Small  oxalate  of  lime  calculi 
are,  however,  sometimes  perfectly  smooth  upon  the  surface, 
arid  much  resemble  a  hemp-seed  in  appearance. 

2174.  Urate  of  amnionia  is  admitted  by  Mr  Brande  among  • 
urinary  calculi,  upon  the  authority  of  Dr  Proat.*  Its  surface  is 
sometimes  smootli,  sometimes  tuberculated  ;  it  is  made  up  of 
concentric  layers,  and  its  ^acture  is  fine  earthy,  resembling 
that  of  compact  lime-stone ;  it  is  generally  of  a  small  size,  and 
rather  uncommon,  though  it  often  occurs  mixed  with  uric  acid. 
It  usually  decrepitates  before  the  blow-pipe,  is  more  soluble 
than  the  uric  calculus,  evolves  ammonia  when  heated  with 
solution  of  potassa,  and  is  readily  soluble  in  the  alkaline  car- 
bonates, which  pure  uric  acid  is  not. 

2175.  Dr  Prout  and  Mr  Smitht  have  described  calculi  com- 
posed almost  entirely  o/  carbonate  of  lime,  but  this  species  is 
exceedingly  rare. 

2176.  Cystic  oxide  is  a  peculiar  animal  substance  ;  the  calculi  o^itieoxidt. 
composed  of  it,  which  are  rare,  are  in  appearance  most  like 

those  of  the  ammonio-magnesian  phosphate.  They  are  soft, 
and  when  burned  by  the  blow-pipe,  exhale  a  peculiar  fetid 
odour.  They  are  soluble  in  nitric,  sulphuric,  muriatic,  phos- 
phoric, and  oxalic  acids,  and  also  in  alkaline  solutions. 

2177.  The  substances  which  have  been  described,  with  the 
exception  of  cystic  oxide,  are  sometimes  intimately  blended  in 
calculi ;  sometimes  they  form  alternating  layers  ;  and  in  a  fdw 
cases  four  distinct  layers  have  been  observed,  the  nucleus  beijng 
uric,  upon  which  the  oxalate,  and  phosphate  of  lime,  and  the 
triple  phosphate,  are  distinctly  and  separately  arcanged. 

2178.  Dr  Marcet  has  described  a  calculus  composed  of  a 
peculiar  animal  matter,  which  he  calls  Xanlhic  Oxide^  from  its  Xaothicoz* 
property  of  giving  a  yellow  colour  when  acted  on  by  nitric  ^' 
acid  :  he  has  also  announced  the  existence  of  calculus  composed 

oi  Jibrine.X 

~* —  — 

*  PkiL  Trans.  1808.  t  JVetf.  «t  Ckir,  Trm,  li  14. 
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2179.  These  are  the  principal  chemical  facts  belonging  to 
the  history  of  urinary  calculi.  In  Dr  Wollaston's  and  Mr 
Brande's  valuable  papers  upon  this  subject*  much  additional  in- 
formation will  be  found.t 
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Section  VII.     CutiSy  or  Skin,  Membrane^  ^c. 

2180.  The  skin  of  animals  consists  of  an  exterior  albumin- 
ous covering,  or  cuticle^  under  which  is  a  thin  stratum  of  a 
peculiar  sni3stance9  called  by  anatomists  rete  tnacosum^  and 
which  lies  immediately  upon  the  cutifi,  oi^true  skin,  of  which 
the  principal  component  is  gelatine. 

2181.  The  following  are  the  chemical  properties  of  pure 
gelatine.  It  is  colourless,  semi-transparent,  and  nearly  taste- 
less* It  is  softened  by  long  continued  immersion  in  cold  water : 
in  hot  water  it  readily  dissolves,  and  forms  a  solution  of  a 
slightly  milky  appearance,  which,  if  stj^ciently  concentrated, 
concretes  on  cooling  into  the  tremulous  mass  usually  C3\\e6  jelly* 
and  which  is  easily  soluble  in  cold  water ;  when  dried  in  a 
gentle  heat  it  acquires  its  original  appearance,  and  is  as  soluble 
as  before.  When  dry,  gelatine  undergoes  no  change,  but  its 
solution  soon. becomes  mouldy  and  putrescent  Submitted  to 
the  action  of  heat  it  affords  the  usual  products  of  animal  sub- 
stances, j: 

It  is  readily  soluble  in  diluted  acids  and  alkaline  solutions, 
and  forms  no  soap  with  the  latter.  Its  aqueous  solution  is  not 
affected  by  solution  of  corrosive  sublimate,  and  few  of  the 
metallic  salts  occasion  any  precipitate  Jn  it.  Chlorine  passed 
through  its  solution,  occasions  a  white  elastic  matter  to  separate, 
which  is  not  soluble  in  water,  and  which  in  some  properties 
resembles  albumen.  It  is  insoluble  in  alcohol  and  ether. 
Solution  of  tannin  occasions  a  white  precipitate  in  solution  of 
gelatine  ;  and  hence,  vegetable  astringents  such  as  galls  or 
catechu,  are  generally  employed  as  tests  for  its  presence.  But 
as  tannin  precipitates  albumen,  it  cannot  be  relied  on  as  an 
unequivocal  test,  unless  we  previously  ascertain  the  non-exist- 
ence of  albumen  by  corrosive  suhlimate.§i 

Mr  E.  Davy  recommends  sulphate  of  platinum  as  a  very 
delicate  test  of  gelartine,  with  which  it  forms  a  brown  insoluble 
compound,  in  solutions  too  weak  to  be  affected  by  vegetable 
astringents.il    • 

2182.  The  action  of  sulphuric  acid  upon  gelatine  has  been 
investigated  by  M.  Braconnot.     Twelve  parts  of  powdered  glue 


*  PkU.  Trant.  1797  and  1816. 

t  Dr  Marcet  and  Dr  Proui  have  pabliahed  exeellont  diweitations  on  CaUuiouM  Dutrden^  eontaiD- 
in;  all  that  ia  most  important  upon  iho  aubj«cU 
t  Ilatchctt.  Phil.  Trans,  vul.  xc  ^  Bostock.    NicholBon'a  J^mtal,  xiv.  and  ixi. 
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and  24  of  sulphuric  acid,  were  left  together  for  24  hours ; 
about  60  parts  of  water  were  then  added,  and  the  whole  boiled 
for  5  hours,  adding  water  at  intervals ;  the  solution  was  then 
saturated  with  chalk,  filtered,  and  suffered  to  evaporate  sponta- 
neously. In  a  month  crystals  were  deposited,  which,  being 
purified  by  solution  and  a  second  crystallization,  much  resem- 
bled sugar  of  milk,  though  they  differ  from  that  substance  in 
affording  a  peculiar  acid,  called  by  M.  Braconnot  Nitro-saccha- 
rine  acidy  when  acted  upon  by  nitric  acid.* 

21H3.  The  different  kinds  of  gelatine  differ  considerably  in 
viscidity.  Mr  Hatchett  has  remarked  that  the  gelatine  obtain- 
ed from  skins  possesses  a  degree  of  viscidity  inversely  as  their 
softness  or  flexibility  ;  the  most  adhesive  kinds  of  gelatine,  too, 
are  less, easily  soluble  in  water  than  those  which  are  less  tena- 
cious.    The  principal  vnr^ties  of  gelatine  in  common  use  are, 

a.  Oluey  which  is  prepared  from  the  clippings  of  hides,  cin*. 
hoofs,  &c.,  obtained  at  the  tan-yard  ;  these  are  first  washed  in 
lime-water,  and  afterwards  boiled  and  skimmed  ;  the  whole  is 
then  strained  through  baskets,  and  gently  evaporated  to  a  due 
consistency  ;  afterwards  it  is  cooled  in  wooden  moulds,  cut 
into  slices,  and  dried  upon  coarse  net-work.  Good  glue  is  of  a 
semi-transparent  and  deep  brown  colour,  and  free  from  clouds 
and  spots.  When  used  it  should  be  broken  into  pieces,  and 
steeped  for  about  24  hours  in  cold  water,  by  which  it  softens 
and  swells  ;  the  soaked  pieces  may  then  be  melted  over  a 
gentle  fire,  or  in  a  water-bath,  and  in  that  state  applied  to  the 
wood  by  a  stiff  brush.  Ghie  will  not  harden  in  a  freezing  tem- 
perature, the  stiffening  depending  on  the  evaporation  of  its 
superfluous  water. 

6.  Size  is  less  adhesive  than  glue,   and   is  obtained   from  Siae. 
parchment  shavings,  fish-skin,  and  several  animal  membranes.  • 
It  is  employed  by  book-binders,  paper-hangers^  and  painters  in 
distemper,  and  is  sometimes  mixed  with  flour,  gum,  &c. 

c.  Isinglass  is  prepared  from  certain  parts  of  the  entrails  of  r«ngiM. 
several  fish  ;  the  best  is  derived  from  the  sturgeon,  and  is  . 
almost  exclusively  prepared  in  Russia.  It  should  be  free  from 
ta^te  and  smell,  and  entirely  soluble  in  warm  water,  which  is 
seldom  the  case,  in  consequence  of  the  presence  of  some  albu- 
minous parts.  Wben  the  jelly  of  isinglass  is  concentrated  by 
evaporation  and  carefully  dried,  It  forms  a  very  choice  kind  of 
glue.t 

2184.  Leather  is  a  compound  of  gelatine  and  vegetable  i^ti^r. 
astringent  matter,  formed  by  steeping  the  skins  of  animals  in 
the  infusions  of  certain  barks.  The  skins  are  previously  pre- 
pared by  soaking  in  lime-water,  which  renders  the  cuticle  and 
hair  easily  separable,  and  are  afterwards  softened  by  allowing 
*them  to  enter  into  a  degree  of  putrefaction.  In  this  state  they 
are  submitted  to  the  action  of  infusion  of  oak-bark,  or  other 

■ 
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astringeot  yegetable  matter  (1837),  the  strength   of  which  is 
gradually  increased  until   a  complete  combination   has   taken 

Elace,  which  is  known  by  the  leather  being  of  an  uniform 
rown  colour  throughout ;  whereas,  in  imperfectly  taaaed 
leather  a  white  streak  is  perceptible  in  the  centre. 

Tawed  leather  is  made  by  impregnating  the  skin  duly  pre- 
pared, with  a  solution  of  alum  and  common  salt ;  it  is  after- 
wards trodden  in  a  mixture  of  yolk  of  eggs  and  water. 

Curried  leather  is  made  by  |[»esmearing  the  skin,  or  leather, 
while  yet  moist,  with  common  oil,  which,  as  the  humidity 
evaporates,  penetrates  into  the  pores  of  Ihe  skin,  giving  it  a 
peculiar  suppleness,  and  making  it,  to  a  considerable  extent, 
water-proof.  As  familiar  examples  of  these  processes,  the 
thick  sole-leather  for  shoes  and  boots  is  tanned ;  Uie  upper- 
leather  is  tanned  and  curried :  the  white  leather  for  gloves  is 
tawed ;  and  fine  Turkey -leather  is  tawed,  and  afterwards 
slightly  tanned,^ 

2185.  The  different  membranes  of  the  body,  and  the  ten- 
dons, are  chiefly  com|>osed  of  gelatine,  for  by  long  digestion 
in  warm  water  they  gradually  soften,  and  become  ultimately 
almost  perfectly  soluble. 


Section  VII I.     Muscle,  Ligaments,  Horn,  Hair,  4'C. 

2186.  When  the  muscular  parts  of  animals  are  washed 
repeatedly  in  cold  water,  the  fibrous  matter  which  remains 
consists  chiefly  of  albumen,  and  is  in  its  chemical  properties 
analogous  to  the  clot  of  blood.  Muscles  also  yield  a  portion 
of  gelatine  ;  and  the  flesh  of  beef,  and  some  other  parts  of  ani- 
mals, afford  a  peculiar  substance  of  an  aromatic  flavour,  called 

Oimazome.    by  Thcuard,  osmazome* 

2187.  30  parts  of  beef  fibre,  acted  on  by  as  much  sulphuric 
acid,  yielded  M.  Braconnot,  a  portion  of  fat,  and  on  diluting  the 
acid  mixture,  and  saturating  with  chalk,  filtering  and  evaporat- 
ing, a  substance,  tasting  like  osmazome  was  obtained,  which 
was  often  boiled  in  different  portions  of  alcohol :  the  alcoholic 
solutions,  on  cooling,  deposited  a   peculiar  white  pulverulent 

Leacine.       matter,  which  Braconnot  calls  leucine^  and  which  acted  upon 
by  nitric  acid  affords  a  crystal  I  izable  nitroleucic  acidA 

218S.  Ligaments,  horn,  nail,  and  feathers,  consist  princi- 
pally of  albumen. 

Hair.  2189.  Hair  consists  principally  of  a  substance,  having  the 

properties  of  coagulated  albumen.  It  also  contains  gelatine, 
and  the  soft  kinds  of  hair  yield  it  more  readily  than  those  which 
are  harsh,  strong,  and  elastic.} 

Vauquelin  discovered  in  hair  two  kinds  of  oil ;  the  one 
white,  and  existing  in  all  hair;  the  other  coloured,  yellow  from 


*  A\k\n'»  Diet  Article  X,«al*rr. 
t  Hatchctl,  PkiL  Trans.  IHOO. 
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red  hair,  and  dark  coloured  when  obtained  from  dark  hair. 
Black  hair  also  contains  iron  and  sulphur.  He  supposes  that 
where  hair  has  become  suddenly  grey,  the  effect  is  produced  by 
the  evolution  of  acid  matter,  which  has  destroyed  the  colour  of 
the  oil. 

2\%0,  Feathers^  quillsy  and  toaolf  are  also  possessed  of  the  rwihu^iu. 
properties  of  albumen,  and  appear  to  contain  no  gelatine. 


Section  IX.     Fat,  Spermaceti^  ifC. 

2191.  The  fat  of  animals,  when  freed  by  fusion  or  pressure 
from  cellular  membrane,  is  of  various  degrees  of  consistency, 

as  seen  in  talloWy  lard,  and  oil.  When  pure,  it^has  little  taste  Jjj^JJ*  *•'*» 
or  smell,  but  it  acquires  both  by  keeping,  and  becomes  rancid 
and  slightly  sour.  The  softer  varieties  fuse  at  about  90°,  and 
the  harder  at  120°.  Decomposed  at  a  red  heat,  they  afford 
abundance  of  olefiant  gas,  and  a  small  portion  of  charcoal ; 
products  analogous  to  those  of  vegetable  oil.  (765.)  When 
burned,  they  produce  water  and  carbonrc  acid,  containing  the 
same  ultimate  elements,  in  the  same  proportions  as  vegetable 
oils.     (1880). 

They  also  produce  soaps  by  combination  with  alkalies. 

Nitric  acid,  heated  in  small  quantity  with  any  of  the  fatty  Acuonof oi- 
substances,  renders  them  harder,  and  consrderably  increases 
their  solubility  in  alcohol.  Among  the  vegetable  oils  this 
change  is  most  remarkably  produced  upon  cocoa-nut,  and  cas-* 
tor-oils,  the  latter  ^  becoming  converted  into  a  solid  matter, 
which,  when  cleansed  of  adhering  acid  by  washing,  resembles 
soft  wax. 

2192.  The  experiments  of  Braconnot  and  Chevreul,  already  Btmnaoand 
quoted,  (1870)  have  shown  that  the  different  kinds  of  oil  and  *^'^* 

fat  contain  two  substances,  to  which  they  have  given  the  names 
stearine  and  elaine,  the  former  solid,  the  latter  liquid  at  com- 
mon temperatures.  The  table  below  shows  their  relative  pro- 
portions in  different  fats  and  oils:* 

These  principles  may  be  obtained  by  boiling  hogs'  lard  in 
alcohol ;  the  fluid,  on  cooling,  deposits  a  crystalline  matter, 
which  is  to  be  purified  by  a  second  solution  and  crystallization ; 
it  is  then  pure  stearitiej  white,  brittle,  tasteless,  and  inodorous; 
it  fuses  at  a  little  below  120^,  and  forms  soap  with  alkalies. 

When  the  alcohol  which  has  deposited  the  whole  of  the 
stearine  is  distilled,  an  oily  liquid  remains,  which  is  elaine.  It 
is  fluid  at  5B° ;  it  generally  is  of  a  yellow  colour,  and  is  con- 
vertible into  soap. 

Elaine.         Stearine.    (  Elaine.     Stearine. 

•  Butter,  made  in  mitnmer      60    -    -    •    40  6ooee-fat    ......68--32 

Ditto,  winter     -    -    -    -    37    -    -    -    63         |  Duektf'-fat 72         -    38 


Ilo^B*  lard 03    ...    38 

h  "Ji-marrow    -    -    -    -    S-l 
MulUin  ditto     -    .    -    •    74 


'^ 


Turk,  y'*  fat 74    --2« 

OiivcMiil 73    -    -    2^ 

Almon4  uU 76    •    .    84 
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2193.  When  soap  composed  of  (logs'-Iard  and  potassa,  is  put 
into  water,  a  portion  only  is  dissolved,  the  remainder  consists  of 
white  scales,  composed  of  the  alkali  united  to  a  peculiar  acid, 
called  by  Chevreul,  from  its  pearly  appearance,  tnargarilie 
acid,  and  separable  from  the  above  combination  by  muriatic  acid. 

It  is  insoluble  in  water,  tasteless,  fusible  at  134^,  and  crys- 
tallizes on  cooling  in  brilliant  white  needles.  It  is  soluble  in 
alcohol.  It  unites  with  potassa  in  two  proportions,  the  one 
compound  containing  100  acid  +  ^ 9^0  potassa;  the  other,  100 
acid  -|-  17,77  potassa.  These  compounds  have  been  termed 
margarates  of  potassa, 

2194.  The  portion  of  the  hogs'-lard  soap  soluble  in  water, 
consists  of  another  peculiar  substance  united  to  potassa,  which 
Chevreul  has  called  oleic  acid.  It  may  be  obtained  from  its 
solution  by  tartaric  acid,  which  causes  it  to  separate  in  the  form 
of  an  oily  matter,  that  is  to  be  again  united  to  potassa,  and  sep- 
arated as  before.'  This  substance  solidifies  at  about  40^,  and  it 
forms  compounds,  called  oleaies.  It  appears  probable  that,  by 
the  action  of  alkalies,  the  stearine  is  converted  into  what  Chev- 
reul has  termed  margaric  acid,  and  the  elaine  into  oleic  acid.^t 

2195.  Spermaceti  or  Celine  is  a  peculiar  matter,  which  con- 
cretes from  the  oil  of  the  spermaceti  whale.  It  fuses  at  112^, 
and  at  hip;her  temperatures  is  volatile,  but  if  repeatedly  distilled 
it  loses  its  solid  form,  and  becomes  a  liquid  oil.  It  is  soluble 
in  boiling  alcohol,  and  abundantly  so  in  ether.  It  forms  a  soap 
with  potassa,  which  yields,  on  decomposition,  a  substance  called 
by  Chevreul,  cede  acid.X 

2196.  In  the  yolk  of  eggs  there  is  a  considerable  quantity  of 
oily  matter,  which  may  be  obtained  by  pressure  after  boiling; 
it  is  yellow  and  tasteless. 

2197.  ^mbergriSf  which  is  a  concretion  from  the  intestines 
of  the  spermaceti  whale,  also  contains  a  considerable  portion  of 
fatty  matter,  amounting  in  some  specimens  to  60  per  cent.  It 
is  only  found  in  the  unhealthy  animal.§  Its  chief  constituent  is 
a  substance  very  analogous  to  cholesterine,  and  to  which  Pel- 
letier  and  Caventou  have  given  the  name  of  ambreine.  By 
digestion  in  nitric  acid,  ambreine  is  converted  into  a  peculiar 
acid  called  the  ambreic  acid.^ 


*  AmnaUa  de  Ckinu'e,  icir.  The  ezporiments  of  Bu^y  and  Leeanu  show  that  fat  treated  with 
aitrie  a<yd  t»  partly  conveitcd  into  oleic  and  marf aric  acidn.  as  anaJogj  of  eompoait&on  adinili 
•ztendinf  tbcce  retultc  to  all  bodies  formed  of  strarine  and  oleine,  it  will  be  observed  tbat  tbo  property 
of  converting  tiicso  bodies  into  ol^c  and  margaric.  acida,  Mrhicb,  fur  a  long  time,  was  limited  to  Um 
action  of  the  alkalies  only,  then  observed  in  sulphuric  acid,  in  oxygen  and  in  beat,  is  also  foood  to 
•zist  in  nitric  acid — Jour,  de  Pkarm,  Nov.  1826.  and  ^niu  PkiUt  N.  8.  8,  145. 

t  By  mixing  1  volume  of  carbonic  acid  with  10  of  carburetted  hydrog4*n,  and  30  of  hydrogen, 
passing  the  mixture  through  a  red-hot  porcelain  tube,  Bcrard  is  said  to  have  produced  a 
small  wliito  crystals,  having  many  of  tlie  properties  of  fat  --Thomson's  ^tt«a/#,  xii. 

t  JInnaUs  de  Chimie^  zcv.  ^  Home's  Lecturct  o»  Qm^araUve  Anatvmjf,  vol.  1.  p.  471 
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S£CTio9  X.     Cerebral  Substance. 


2198.  Accordingx  to  Vauquelin,  the  cerebral  substance  con« 
sists  of  • 

Water 80,00 

White  fatty  matter    .........    4,53 

Btd  fatty  matter 0,70 

Albumen 7,00 

O^niAZoroe    •..••..•....1,12 

Pho«phonia  ......*•••..     1,50 

Acids,  salts,  and  sulphur    •...••.    5,15 

100. 

^hepnlp  of  nerves  seems  to  be  of  a  similar  nature.* 

2199.  The  brain  of  animals,  when  boiled  in  alcohol,  furnishes 
a  peculiar  fatty  matter,  which  the  solution  deposits  as  it  cools, 
in  brilliant  scales.  It  requires  a  higher  temperature  than  that 
of  boiling  water  for  its  fusion,  and  appears  in  many  respects 
analogous  to  cholesterine.  (2137.)  The  same  substance  is  often 
seen  in  the  alcohol  employed  to  preserve  anatomical  prepara- 
tions of  the  brain  and  nerves. 


Sbotion  XI.     Shell  and  Bone. 

2200.  We  are  indebted  to  Mr  Hatchett  for  two  excellent 
dissertations  on  the  chemical  properties  of  these  parts  of  ani« 
mals,  published  in  the  Philosophical  Transactions  for  1799 
and  1<800. 

He  has  divided  shells  into  two  classes;  the  texture  of  the 
first  is  compact,  brittle,  and  resembling  porcelain ;  their  surface 
is  smooth,  and  they  are  often  beautifully  variegated.  When 
exposed  to  a  red  heat  they  crackle,  and  lose  the  colour  of  their 
enamelled  surface,  emitting  scarcely  any  smoke  or  smell.  They 
dissolve  in  dilute  muriatic  acid  with  copious  effervescence,  and 
form  a  transparent  solution,  in  which  neither  pure  ammonia  nor 
stcetate  of  lead  produce  any  precipitate,  but  carbonate  of  ammo- 
nia throws  down  carbonate  of  lime.  Hence  these,  which  are 
called  porcellaneous  shells^  may  be  considered  as  composed  of  PorceUane- 
carbonate  of  lime,  united  to  a  very  small  portion  of  gelatine :  ^""*'^ 
most  of  the  univalve  shells,  such  as  whelks,  limpets,  cowries, 
and  many  of  the  beautiful  convoluted  shells  of  tropical  countries, 
belong  to  this  class. 

2201.  The  second  class,  or  mother-of-pearl  shells^  are  Mother  of- 
tougher,  glossy,  and^ iridescent*,  they  are  mostly  bivalves,  and  p**'' ■****'* 
all  the  oyster  and  muscle  species  belong  to  it.     When  heated, 

they  exhale  smoke  and  the  smell  of  burned  born  ;  immersed  in 
?5 

*  Thomsoo's  Sjfttem^  rol.  iv.  p.  48S. 
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muriatic  acid,  they  only  partially  dissolve,  and  leave  a  series  of 
cartilaginous  layers,  and  an  outer  epidermis.  Each  membrane 
appears  to  have  a  corresponding  stratum  of  carbonate  of  lime, 
the  solution  indicating  no  trace  of  any  phosphate.  The  animal 
part  is  in  some  cases,  as  in  mother-of-pearl,  tough  and  indurated, 
and  when  dried  becomes  exactly  like  horn ;  in  other  instances, 
as  in  the  bone  of  cuttle  fish,  it  appears  in  the  form  of  delicate 
and  tender  membrane. 

In  both  classes  of  shells,  therefore,  the  hardening  principle  is 
carbonate  of  lime ;  in  porcellaneous  shells  there  is  very  little 
animal  matter  which  is  gelatine ;  and  in  mother-of-pearl  shells, 
it  is  albumen,  and  in  larger  quantities. 

2202.  Pearls  are  exactly  siihilar  in  composition  to  what  is 
termed  moiher-of-pearlj  in  which  Mr  Hatchett  found 

Carbonate  of  lime 66 

Albumen .24 

scaiotoffiih.      2803.  In  the  scales  of  fish  ^  and  in  the  crusts  of  lobsters, 
crabs,  prawns,  and  cray-fish,   Mr  Hatchett  found  the  animal 
^      portion  to  consist  of  cartilage ;  the  hardening  part  was  a  mix- 
ture of  carbonate  and  phosphate  of  lime.     From  lobster-shell 
Merat-Gulliot  obtained 

Carbonate  of  lime •.••'•    60 

Phosphate  of  lime  • 14 

Ci>rtilage .26 

100 

Vauquelin  obtained  from  100  parts  of  hen^s  egg  shell 

Carbonate  of  lime •  89,6 

Phosphate  of  lime      .........     5,7 

Animal  matter •    .    4,7 

100 

zoophjt*.  2204.  Zoophytes f  according  to  Mr  Hatchett's  researches, 
may  be  divided  into  four  classes;  the  first  resemble  porcellane- 
ous shells,  and  consist  entirely  of  carbonate  of  lime,  with  a 
very  minute  quantity  of  gelatinous  matter;  of  this  the  common 
white  coral  {madrepora  virginea)  is  an  example.  The  second 
consist  of  carbonate  of  lime,  and  a  cartilaginous  substance,  and 
are  therefore  analogoiis  to  mother-of-pearl  shell ;  to  this  class 
belong  the  madrepora  ramea^  and  madrepora  fascicularis. 
The  third  class  is  composed  of  a  cartilaginous^matter,  with  car- 
bonate and  phosphate  of  lime ;  to  this  belongs  the  red  coral 
{gorgonia  nobilis).  The  fourth  class  contains  sponges,  com- 
posed almost  entirely  of  albuminous  matter.* 
Rone«nd  2205.  Bone,  and   Ivory,  like  the   preceding  substances,  is 

ivury.  essentially  composed  of  soft  and  hard  parts.     When  ground 

bone  is  digested  in  warm  water,  a  portion  of  fat  is  first  separated, 
.and  by  long-continued  ebullition,  a  solution  which  gelatinizes 
on  cooling  is  obtained.     If  fresh  bone  be  immersed  in  diluted 


■A. 


*  Phil.  TrM9.  leOO. 
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muriatic  acid,  the  fat,  gelatiDe,  and  hardening  matter  are  dis- 
aolved,  and  a  kind  of  skeleton  of  the  bone  remains  in  the  form 
of  a  cartilaginous  substance,  which  when  dried  exactly  resem- 
bles horn.  It  appears,  therefore,  that  the  soft  parts  of  bone  are^ 
yb/,  gUatintj  and  albumen* 

The  earthy  salts,  which  constitute  the  hardening  principle  of  1^'"^^^* 
bone,  are  phosphate  and  carbonate  of  lime,  with  a  minute  quan- 
tity of  sulphate  of  lime,  and  traces  of  phosphate  of  magnesia. 
Fourcroy  and  Vauquelin  obtained  from  ox-bones, 

AniiDal  matter     .    •    .    . 51 

Phosphate  of  lioie    ...•••..    .  37^7 

Carbonate  of  lime 10 

Phoiphate  of  magnesia 1,3 

100 

2206.  The  enamel  of  teeth  is  perfectly  destitute  of  cartilage,  EnanMi  of 
and  consists  chiefly  of  phosphate  of  lime  and  a  portion  of  gela-  ^^ 
tine.     Mr  Pepys  found  its  component  parts 

Phosphate  of  lime 78 

Carbooate  of  lime 6 

Gelatine IS 

100 

The  same  chemist  has  given  the  following  as  the  composition 
of  the  teeth.* 

Kooti  of  TMth  of  Pint  Te«th 

the  teeth.  Adults.  of  Chiklraii. 

Phorpbate  of  lime      58    ...    64    •••    62 

CarlMnate  of  lime        4    .    .    .      6    •    •    .      6 

Cartilage      ...    28    ..•    SO    ...    20 

Loss     .....     10    .'.     10    ...     12 

100  100  100 

2207.  When  bones  are  submitted  to  destructive  distillation,  i)M«nMtiyt 
Ihe  gelatine  and  albumen  which  they  contain  are  abundantly  pro-  of  ^ 
ductive  of  ammonia  ;  water,  and  carbonic  acid  are  also  formed 
and  a  portion  of  highly  fetid  empyreumatic  oil.  There  remains 
in  the  vessel  a  quantity  of  charcoal  mixed  with  the  earthy  sub- 
stances, which  is,  in  that  state,  called  ivory  black.  It  is  em- 
ployed as  the  basis  of  some  black  paints  and  varnishes. 


Section  XII.     Of  Jinimal  Functions. 

2208.  Chemistry  has  hitherto  done  little  towards  elucidating 
the  functions  of  animals,  and  it  is  scarcely  possible  to  describe 
the  little  that  has  been  done,  without  such  frequent  reference 
to  anatomical  and  physiological  inquiries  as  would  be  irrelevant 
to  the  present  work ;  we  shall,  therefore^  only  enumerate  the 

*  Foi,  9%  tt«  TWO. 
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principal  chemical  phaenomeDa  thai  have  been  experimeDtally 
illustrated,  in  relation  to  this  subject. 

DiceMjon.  2209.  DigtsHon  is  a  process  by  which  £he  food  of  animals 

is  converted  into  chyle,  and  which  in  conjunction  with 're^y^/ra- 
tion^  tends  to  the  production  of  blood.  The  mechanism  by 
^whicli  it  is  carried  on  differs  considerably  in  the  different  classes 
of  animals ;  the  present  remarks  will  relate  chiefly  to  man^ 
and  to  the  carnivorous  tribe. 

ohyiM.  The  food,  duly  masticated  in  the  mouth,  and  blended  with  a 

considerable  portion  of  saliva,  is  propelled  into  the  stomach, 
where  it  soon  undergoes  a  remarkable  change,  and,  in  the 
course  of  a  few  hours,  is  converted  into  an  apparently  homoge- 
neous pulpy  mass,  which  has  been  termed  chymtj  and  which 
has  little  or  no  resemblance  to  the  original  food.  This  very 
curious  change  is  only  referable  to  the  operation  of  a  secretion 
peculiar  to  certain  glands  of  the  stomach ;  it  has  been  termed 

GwrtrHrjuicf.  gastficjuice^  and  all  that  is  known  respecting  it  is,  that  it  has 
very  energetic  solvent  powers,  in  regard  to  the  greater  number 
of  animal  and  vegetable  bodies ;  the  remarkable  property  of 
living  substances  to  resist  its  action  is  curiously  illustrated  by 
the  circumstance  that  the  stomach  itself,  after  death,  is  occa- 
sionally eaten  into  holes  by  its  action  ;  it  instantly  coagulates 
all  albuminous  substances,  and  afterwards  softens  and  dissolves 
the  coagulum.  There  are  some  substances  that  remarkably 
resist  its  action,  such  as  the  husk  of  grain,  and  of  many  seeds, 
which,  if  not  previously  broken  by  mastication,  pass  through 
the  stomach  and  bowels  nearly  unaltered.  It  is  hardly  worth 
while  to  detail  the  experiments  that  have  been  undertaken  on 
the  gastric  juice,  since  they  are  much  at  variance,  and  it  is 
impossible  to  say  whether  the  secretion  has  ever  been  examined 
in  a  state  even  approaching  to  purity.  It  has  been  described  as 
a  glairy  fluid,  of  a  saline  taste ;  sometimes  it  is  said  to  be  acid, 
and  sometimes  bitter;  but  no  light  whatever  has  been  thrown 
by  any  of  these  researches  upon  the  cause  of  its  singular  sol- 
vent energies. 

It  has  sometimes  been  matter  of  surprise,  that  although  ani- 
mals drink  copiously  with  their  food,  the  consistency  of  the 
chyme  is  not  affected  by  it,  and  by  the  time  that  it  reaches  the 
right,  or  pyloric  extremity  of  the  stomach,  the  liquid  has  dis- 
appeared. SirEverard  Home's  curious  physiological  researches 
have  shown  that  liquids  are  copiously  and  rapidly  removed 

frJlT'tSr"     ^y  *^5orbents  belonging  principally  to  the  left,  or  cardiac  por- 

•tomach.  tion  of  the  stomach,  and  that  during  digestion  there  is  an 
,  imperfect  division  of  the  stomach  into  two  cavities,  by  the  con- 
traction of  the  bands  of  muscular  fibres  about  its  centre.  He 
has  also  shown  that  these  liquids,  very  soon  reach  the  kidneys, 
and  pass  off  by  urine ;  and  was^  led  to*  believe  that  the  spleen 
was  the  channel  of  communication ;  an  opinion,  however. 
Which  his  subsequent  researches  tended  to  disprove.* 

*  LectHrea  on  ComparMive  Anatomff^  p.  881. 
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The  chyme  passes  from  the  stomach  into  the  small  infestines, 
where  it  soon  changes  considerably  in  appearance ;  it  becomes 
blended  with  bile,  and  is  separated  into  two  portions,  one  of 
which  is  white  as  milk,  and  is  termed  chyle;  the  other  passes 
on  to  the  large  intestines,  and  is  ultimately  voided  as  excre- 
mentitious.  The  chyle  is  absorbed  by  the  lacfealSy  which 
terminate  in  the  common  trunk,  called  the  thoracic  duct ;  it  is 
there  mixed  with  variable  proportions  of  lymph,  and  poured 
into  the  venous  system. 

The  excrements  of  animals  have  been  examined  by  Berze- 
lius,*  by  Vauquelin,t  and  by  Thaer  and  £inhoff.  An  abstract 
of  these  experiments  has  been  published  by  Dr  Thomson,  in 
the  4th  volume  of  his  System  of  Chemistry, 

2210.  Chyle  has  been  examined  by  several  chemist<«,  and  <7M»* 
their  results  are  not  widely  different.     During  some  physiolog- 
ical researches  Messrs  Brande  and  Brodie  had  an  opportunity 

of  collecting  it  in  considerable  quantities  in  several  carnivorous 
and  graminivorous  animals,  and  an  account  of  experiments  upon 
it  was  presented  to  th^  Royal  Society.^ 

Chyle  is  an  opaque  white  fluid,  having  a  sweetish  saline  ciMraeMni 
taste;  itS' specific  gravit}*^  is  inferior  to  that  of  the  blood.  It 
exhibits  slight  traces  of  alkaline  matter  when  tested  by  infusion 
of  violets;  soon  after  removal  from  the  thoracic  duct,  it  gelatin- 
izes spontaneously,  and  afterwards  gradually  separates  into  a 
firm  yellowish  white  coagulum,  and  a  transparent  colourless 
serum ;  so  that,  like  the  blood,  it  enjoys  the  property  of  spon- 
taneous coagulation. 

The  coagulum  of  chyle  possesses  properties  closely  resem- 
bling those  of  the  caseous  portion  of  milk,  and  may  hence  be 
considered  as  a  variety  of  albumen  :  the  serum  of  the  chyle ^ 
when  heated,  deposits  a  few  flakes  of  albumen,  and  by  evapora- 
tion to  dryness  aflbrds  a  small  proportion  of  a  substance  analo- 
gous to  sugar  of  milk.  Small  portions  of  phosphate  of  lime, 
oarbonate  of  soda,  and  cpmmon  salt,  may  also  be  detected  in 
the  chyle.  In  these  experiments  Mr  Brande  found  no  dis- 
tinctive difierence  in  the  chyle  of  graminivorous  and  carnivo* 
rous  animals,  he  examined  it  from  the  horse,  the  ass,  the  dog, 
and  the  cat ;  Dr  Marcet  thinks  that  the  former  is  less  abundant 
in  albumen  than  the  latter.§|| 

2211.  There  can  be  little  doubt  that  the  bile  performs  an  Bilel 
important  part  in  the  change  which  the  chyme  suflers  in  the 
small  intestines.     Whether  the  bile  is  absolutely  nccessarv  to 
the  formation  of  chyle,  is  a  question  that  has  not  been  satisfac- 


*  G«hleu*s  Journal^  vi.  f  Jinnala  it  Ckimie,  xxix. 

X  Brande,  in  Phil.  Trent*  18IS,  p.  91. 

^  It  ia  a  ourioiM  que^ti^u,  wbencethe  nttrogon,  ivbich  con«i!(Uti>!<  nn  wbunrinnt  nitiniate  prineipio  of 
the  ckylo  of  lierbiTorousQnimali  is  derived  ;  wc  flud  it  in  very  small  prr.i|.ort:on  cnS  In  tiiitiri  nliinry 
/ood,  and  jetl  could  discprn  no  diflTeroace  in  tlw  comimstliori  ut'tlie  otbaniinuu^  {jortion  uftbcir  chyip^ 
BOd  that  of  animal*  f^i  exeluairoly  oo  meat*    (Brande.) 

I)  Thoimop*!  .^muUM,  toI.  tii. 
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torily  ansv^ered ;  but  its  importance  ia  demonstrated  by  the 
emaciation  that  attends  its  deficiency,  and  by  the  disordered 
state  of  bowels  that  accompanies  its  imperfect  secretion.* 

3212.  In  chyle  we  cannot  fail  to  observe  a  close  approxima- 
tion to  blood  ;  it  is  deficient  only  in  colouring  matter,  and  the 
albumen  which  it  contains  dififers  a  little  from  that  existing  in 
the  blood  itself ;  it  appears  therefore,  that  the  albumen  is  per- 
fected, and  the  colouring  matter  formed,  in  the  process  of  cir- 
culation ;  the  saccharine  principle  of  the  chyle  is  also  no  longer 
perceptible. 

2213.  Respiration  is  the  process  of  receiving  a  quantity  of 
air  into  the  lungs,  whence,  after  having  be^ti  retained  a  short 
time,  it  is  again  expelled  in  the  action  of  expiration;  and,  if 
now  examined,  a  portion  of  its  oxygen  is  found  converted 
into  carbonic  acid,  and  it  is  more  or  less  loaded  with  aqueous 
vapour. 

Obvious  circumstances  render  it  very  difficult  to  ascertain  the 
quantity  of  air  taken  into  the  lungs  at  each  natural  inspiration, 
as  well  as  the  number  of  respirations  made  in  a  given  time ;  the 
former  is  perhaps  about  15  or  16  cubic  inches,  and  the  latter 
about  20  in  a  minute. 

The  quantity  of  carbonic  acid  emitted  at  each  expiration, 
varies  at  different  periods  of  the  day,  and  probably  also  in  differ- 
ent individuals;  it  appears  at  its  maximum  during  digestion,  and 
at  its  minimum  in  the  morning  when  the  stomaeh  is  empty, 
and  when  no  chyle  is  flowing  into  the  blood.  Dr  Prout  has 
shown  that  fermented  liquors  and  vegetable  diet  diminish  the 
proportion  of  carbonic  acid,  and  that  the  same  thing  happens 
when  the  system  is  affected  by  mercury .t 

The  air  expired  may  be  regarded,  as  containing,  on  an  ave- 
rage, 3,5  per  cent,  of  carbonic  acid,  though  Messrs  Allen  and 
Pepys,  in  their  valuable  Essay  on  Respiration,t  have  esti- 
mated it  at  about  twice  that  quantity ;  it  amounted,  in  their 
experiments,  to  27,5  cubic  inches  per  minute,  a  quantity  proba- 
bly above  the  truth,  when  we  reflect  upon  the  comparative  pro- 
portion of  carbon,  existing  in  our  food,  and  the  other  means  of 
escape  which  it  has  from  the  body.& 

From  the  experiments  of  Dr  £awards  it  would  appear  that 
the  nitrogen  of  the  air  is  not  altogether  passive  during  respira- 
tion, he  found  that  during  the  respiration  of  the  same  animal, 
the  quantity  of  nitrogen  may  one  while  be- increased,  at  another 
time  diminished,  and  at  a  third  wholly  unchanged.  An  aug- 
mentation of  nitrogen  was  observable  during  summer.  His 
experiments  seem  to  leave  no  doubt  that  the  blood,  while  circu- 
lating through  the  lungs,  is  capable  of  absorbing  hydrogen^ 
nitrogen,  and  oxygen  gases  and  of  emitting  nitrogen.     T. 


•  See  Sir  E  Home's  Leetwe*^  p.  468.  t  TfaomeoD*!  SyBtm^  iv.  681.  t  PkiL  Tnms.  tPOS. 

$  The  more  reeeiit  experirooDta  of  Br  Edwa/di  (/>•  Pli^une*  iu  agmt  PkgHfm*  tm^U  r«0 
^aTc  shown  that  the  ratio  botwoen  the  f  aaet  variei  with  the  aainal. 
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The  aqueous  vapour  contained  in  the  expired  air  is  secreted 
by  the  exhalents  distributed  over  the  surface  of  the  air-vessels 
of  the  lungs;  attempts  have  been  made  to  estimate  its  quantity, 
but  without  success  ;  it  is  probably  liable  to  variation,  and  can 
scarcely  be  considered  as  a  product  of  respiration. 

2214.  The  change  of  colour  in  the  blood  is  evidently  owing  to  change  or 
the  action  of  the  air,  which  takes  place  through  the  thin  coats  of  biood!'° 
the  circulating  vessels,  and  the  end  thus  attained  is  the  removal 

of  the  carbon  from  the  venous  bipod,  by  which  the  colouring 
matter  was  obscured  :  the  carbon  to  be  thus  readily  soluble  in 
oxygen  must  be  in  some  peculiar  state ;  a  portion  of  it  is  also 
removed  by  the  absorbents,  and  transferred  to  the  glands  situate 
at  the  root  of  the  lungs  between  th^e  subdivisions  of  the  bron- 
chiae,  which  often  contain  a  large  portion  of  black  matter.* 
The  only  chemical  difference,  then,  which  can  be  detected 
between  arterial  and  venous  blood,  is  the  existence  of  a  certain 
excess  of  carbon  in  the  latter,  which  it  gives  off*  to  oxygen, 
forming  carbonic  acid  ;  the  blood  is  thus  fitted  for  the  renovation 
of  parts,  for  the  formation  of  seeretions,  and  for  the  sustenance 
of  life  by  its  action  on  the  cerebral  system ;  for  although  the 
heart  does  not  directly  refuse  to  circulate  venous  blood,  paraly- 
sis and  torpor  ensue  when  blood,  not  aerated,  passes  into  the  ' 
vessels  of  the  brain. 

2215.  It  has  been  shown  that  the  blood  suffers  very  impor- 
tant changes  in  the  kidneys  and  liver ;  the  function  of  perspi-  PanpiraUon. 
ration  also  must  be  considered  as  connected  with  an  alteration 

of  the  circulating  fluid,  for  moisture,  carbonic  acid,  and  minute 
quantities  of  phosphoric  acid,  and  saline  matter,  among  which  is 
common  salt,  are  evacuated  by  the  cutaneous  vessels. 

2216.  Different  animals  require  very  different  quantities  ofuneqnai 
oxygen  for  the  purpose  of  respiration.     Man,  and  warm-blood-  Sx^d^do- 
ed  animals,  consume  the  largest  quantity ;  the  amphibious  tribes  SjJi^^tS^. 
not  only  require  less,  but  can  breathe  in  an  atmosphere  which  inai** 
will  not  support  the  life  of  the  former ;  and  many  insects  take 

such  small  quantity,  as  sometimes  to  have  been  supposed  capa- 
ble of  living  without  air,  which  is  not  the  case.  In  the  produc- 
tion of  carbonic  acid  all  animals  agree,  and  consequently  the 
nature  of  the  deterioration  suffered  by  the  air  is  similar  through- 
out the  animal  creation. 

Fishes  breathe  the  air  which  is  dissolved  in  water;  they 
tt^erefore  soon  deprive  it  of  its  oxygen,  the  place  of  which  is 
supplied  by  carbonic  acid ;  this  is  in  many  instances  decompos- 
ed by  aquatic  vegetables,  which  restore  oxygen,  and  absorb  the 

'*  Th«  cooTeraiop  of  venoos  into  arternl  blood  appears  oot  to  lie  confined  to  the  Innga.  The 
^•eogagemeot  of  carboiaie  acid  fton  the  rorfkoe  of  the  ikiOi  and  the  eorrcapoodinf  diiappearance 
of  oxygen  gai  was  deroonitrated  by  Jorine  and  Aberneifay ;  and  altbougb.  the  accuracy  of  theif 
reealU  has  been  doabted  by  some  persons  it  has  been  eonSrmcd  by  ulhors.  Uowerer  tbis  may  be  in 
the  human  rabjeot,  the  fant  with  reepect  to  many  of  the  lower  ani  m.ila  is  uoquestioDable.  Dr  Edwarda 
haa  shown  that  this  ftinction  compensates  so  fully  for  ihe  want  of  raepiratioo  by  the  longs,  as  to 
enable  many  of  these  animals  in  the  winter  season,  to  lire  for  an  almnit  anlimited  period  under  dio 
mifaoo  of  watar,   T.M0. 
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carbon  ;  hence  the  advantage  of  cultivating  growing  vegetables 
in  arlificiul  fish-ponds.  It  has  been  ascertained  by  Biot,  and 
verified  by  others,  that  the  air-bladders  of  fish  that  live  in  very 
deep  water  are  filled  with  a  mixture  of  oxygen  and  nitrogen, 
in  which  the  former  greatly  preponderates  ;  but  in  fish  that  are 
taken  near  the  surface,  the  nitrogen  is  most  abundant.  In  the 
trygla  lyra^  always  caught  in  very  deep  water,  the  air-bladder 
contained  87  per  cent  of  oxygen  :  in  the  carp  and  roach,  ac- 
cording to  Fourcroy  and  Priestley .  the  air-bladder  contains  little 
else  than  nitrogen.* 
AnimaiiMat  2217.  The  production  of  animal  heat  is  perhaps  the  most 
recondite  af  all  the  functions  ;  the  power  appears  to  belong  to 
all  animals,  though  to  some  in  a  very  inferior  degree.  The 
higher  orders  of  animals  always  maintain  a  temperature  of  about 
*  100°  ;  it  varies  a  little  in  different  parts  of  the  body,  the  ex- 
tremities and  surface  being  a  degree  or  two  colder  than  the 
interior  yital  organs.  This  temperature  is  probably  very  little 
affected  by  external  circumstances,  a  hot  or  cold  atmosphere 
producing  no  corresponding  change  in  the  heat  of  the  circa- 
lating  blood. 

When  the  chemical  changes  that  take  place  during  respiratioQ 
had  been  inquired  into,  and  when  it  was  found  that  the  capacity 
of  carbonic  acid  for  heat  was  less  than  that  of  oxygen,  it  was 
supposed  that  the  conversion  of  oxygen  into  carbonic  acid  was 
the  cause  of  the  rise  of  temperature :  and  as  the  heat  of  the 
lungs  does  not  exceed  that  of  the  other  parts,  it  was  asserted  that 
the  air  was  absorbed  by  the  blood,  and.  that  the  production  of 
carbonic  acid,  and  consequent  evolution  ofheat  took  place  gradu- 
ally during  the  circulation.  To  these  opinions  many  strong 
objections  have  from  lime  to  time  been  urged  by  different  phy- 
siologists, but  their  complete  subversion  followed  the  researches 
of  Mr  Bro()ie,t  who  found  that  the  heart  was  capable  of  retain- 
ing its  functions  for  some  hours,  and  of  carrying  on  circulation 
in  a  decapitated  animal,  and  consequently  independent  of  the 
influence  of  the  brain,  when  respiration  was  artificially  carried 
on.  Under  these  circumstances  it  was  observed,  that  although 
the  change  of  blood  from  the  venous  to  the  arterial  state  was  per- 
fect, no  heat  was  generated,  and  that  the  animal  cooled  regularly 
and  gradually  down  to  the  atmospheric  standard.  In  more 
than  one  instance  Mr  Brande  examined,  at  his  request,  the 
expired  air,  and  found  that  it  contained  as  much  carbonic  acid 
as  was  produced  by  the  heklthy  animal ;  so  that  here  Circulation 
went  on,  there  was  the  change  of  oxygen  into  carbonic  acid, 
and  (he  alteration  of  colour  in  the  blood,  and  yet  no  heat  what- 
ever af)peared  to  be  generated. 

In  tiicse  cases  a  period  was  also  put  to  th^  secretory  func- 
tions; and  it  has  been  observed  by  several  other  physiologists, 
that  if  the  nerves  that  supply  any  of  the  glands  are  injured  or 
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divided,  there  is  a  correspoDding  change  or  suspension  of  their 
secretion.  Electricity  has  sometimes  been  supposed  to  have 
some  connexion  with  the  nervous  influence,  and  the  fact  of 
some  of  the  secretions  being  alksiiine,  while  others  are  acid 
(corresponding  to  negative  and  positive  influence),  has  been 
adduced  in  favour  of  the  supposition,  but  experiment  has  gone 
little  way  to  sanction  such  a  notion,  and  although  it  has  been 
proved  that  the  nerVous  influence  contributes  to  the  generatidu 
of  heat  in  animals,  that  it  presides  over  the  phaenomena  of 
secretion,  as  well  as  of  voluntary  motion,  the  actual  cause 
of  this  influence,  or  energy,  remains  among  those  mysteries  of 
nature  which,  doubtless,  for  the  wisest  purposes,  are  hidden 
to  the  human  understanding. 
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lodous  J9cid  (361).  The  following  method  of  preparing  todow  teM. 
this  acid  is  preferable  to  that  first  published,  as  supplying  it  in 
a  purer  state,  and  in  greater  abundance.  Chlorate  of  potassa  is 
to  be  placed  in  a  retort,  with  rather  a  large  neck,  and  heated 
until  the  moisture  is  dissipated ;  then,  at  the  time  when  oxygen 
is  freely  evolved  from  the  salt,  iodine  is  to  be  introduced  by 
means  of  a  metallic  spoon  as  far  as  the  body  of  the  retort. 
The  vapours  of  iodine  which  will  be  occasioned  by  the  heat 
will  immediately  disappear,  in  consequence  of  their  combina- 
tion with  the  oxygen  of  the  chlorate,  and  a  strong  effervescence 
will  be  perceived  in  the  latter,  occasioned  by  each  portion  of 
iodine  with  which  it  may  combine ;  immediately  yellow  vapours 
will  be  perceived  in  the  neck  of  the  retort,  and  when  they 
redden  litmus  paper,  and  a  sufficient  quantity  of  iodous  acid 
has  been  obtained,  the  operation  is  to  be  finished,  and  the  acid 
collected,  the  last  portion  being  removed  by  a  drop  or  two  of 
water.  All  attempts  to  unite  this  acid  with  alkaline  bases  have 
failed,  the  iodine  being  precipitated.*  ^ 

Oxide  of  Iodine  was  discovered  iii  attempts  to  combine  oxid«»r 
iodine  and  oxygen  directly  together.  It  was  obtained  in  the  '*^^°^ 
following  manner.  A  copper  tube  about  20,6  inches  in  length, 
and  8  lines  in  diameter,  having  one  extremity  terminated  in  a 
screw,  and  the  other  by  a  small  aperture  about  a  line  in  diame- 
ter, was  fixed  upon  two  supports;  the  contracted  extremity  was 
curved,  so  as  to  permit  of  its  introduction  into  the  tubulure  of 
a  retort,  without  deranging  its  convenient  inclination.  A  blad- 
der filled  with  oxygen  gas  was  attached  to  the  screw.  A  long 
spirit-lamp  with  several  wicks  was  placed  beneath  the  lower; 
part  of  the  tube,  so  as,  when  necessary,  to  raise  it  to  redness. 
Arrangements  were  also  made  for  applying  a  lamp  to  the  bottom 
I  ■  ■■         ■  ■  I      I  ■  ■  ^— — — 

*  According  to  M.  Wohler  the  iodoiM  acid  of  M.  Sementiai  ii  aothiog  m<^e  than  a  miztore  ef 
clilorid«  of  iodiM  and  iod'me.    ^or^  70«fw  HT.  S.  iH»seS» 
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of  the  retort,  it  having  been  found  that  to  combine  oxygen  and 
iodine,  both  should  be  at  a  high  heat 

The  tube  and  retort  being  heated  to  redness,  one  person  then 
presses  the  bladder  to  force  heated  oxygen  into  the  retort,  and 
another  introduces  a  spoonful  of  iodine  through  the  neck  of  the 
retort  until  it  is  brought  under  the  jet  of  gas.  The  iodine  is 
quickly  converted  into  violet  vapour,  which  fills  the  retort,  but 
this  soon  disappears,  and  the  retort  neck  becomes  lined  with  a 
yellow  transparent  substance,  almost  solid  ;  which,  by  the  con- 
tinuance of  the  operation,  becomes  more  fluid,  and  iows  forward 
as  an  oleaginous  liquid.  If  the  violet  vapours  are  too  abundant, 
the  spoon  is  to  be  withdrawn  for  a  little  while,  the  introdaction 
of  oxygen  being  continued  ;  when  they  have  disappeared  the 
iodine  is  to  he  re-advanced. 

The  substance  obtained  in  the  commencement  of  this  opera- 
tion is  oxide  of  iodine.  It  is  of  the  consistency  of  a  solid  oil, 
has  an  acrid,  disgusting  taste,  an  odour  similar  to  that  of  iodous 
acid,  but  weaker.  It  is  slowly  dissipated  in  the  air,  is  very 
soluble  in  water  and  alcohol,  producing  amber-coloured  solu- 
tions. If  brought,  in  the  solid  state,  into  contact  with  a  dry, 
combustible  substance,  it  is  decomposed,  iodine  being  evolyed. 
Phosphorus  and  potassium  are  inflamed  by  it.  It  changes  the 
blue  of  litmus  to  green.  If  an  alkali  be  poured  into  its  solution, 
the  latter  is  instantly  rendered  colourless  ;  whereas  if  alkali  be 
added  to  solution  of  iodous  acid,  iodine  is  precipitated. 

If  the  addition  of  oxygen  be  continued  after  the  formation 
of  the  oxide  of  iodine,  then  iodous  acid  is  formed ;  and  if  the 
lamp  applied  to  the  bottom  of  the  retort  be  at  the  same  time 
removed  to  the  neck,  the  formation  of  the  iodous  acid  will  be 
much  facilitated. 

Finally,  oxide  of  iodine  is  always  formed  when  iodine  is 
heated  in  close  vessels  containing  air,  and  air  may  be  used  in 
place  of  oxygen  in  the  process  above  described.  If  iodine  be 
put  into  a  retort,  and  then  a  second  be  sealed  hermetically  to 
the  first,  a  small  capillary  hole  being  left  in  the  neck ;  the  iodine 
being  heated  successively,  first  in  one  part  and  then  in  another 
of  the  apparatus,  whenever  it  assumes  the  solid  form^  will 
gradually  change  into  oxide  of  iodine.* 

lodo'jluoric  tScid. — On  mixing  vapours  of  iodine  and  fluo- 
ric acid  in  a  glass  globe,  the  latter  became  lined  with  a  white 
film,  and  the  iodine  was  absorbed ;  when  the  action  appeared  to 
have  ceased,  water  was  poured  into  the  globe  and  caused  an 
immediate  deposition  of  gelatinous  silica.  By  filtration  a  liqoid 
was  obtained,  yellow,  from  free  iodine,  but  becoming  colourless 
by  heat ;  carbonate  of  ammonia  was  then  added  in  excess,  which 
separated  the  rest  of  the  silica,  and  carbonic  acid  gas  was  disen- 
gaged. The  filtered  solution  was  very  alkaline,  but  by  ebulli- 
tion gradually  became  quite  acid.  Being  afterwards  cooled  it 
deposited  many  small  crystals  of  a  fine  golden  yellow  coloar. 


^  QiomtiU  de  Fiticth  iz*  p*  387. 


t M.  Vtrioskj^  IniHiff.  Vm9./Ly^mi^ 


^addenda.  583 

• 

and  possessing  all  the  properties  of  a  strong  acid.  They  dis* 
solved  more  readily  in  hot  than  in  cold  water,  and  with  caustic 
potassa,  produced  a  gelatinous  salt,  having  a  very  disagreeable 
bitter  taste.     These  crystals  are  iodo-fluoric  acid.t 

FliiO'Silicic  •Acid.-^To  prepare  the  fluo-silicic  acid  in  su£S-  Fiuo-uiicie 
cient  quantity^  M.  Maus  uses  a  very  large  retort  with  a  long  ^^' 
neck:  he  puts  into  it  the  mixture  of  fluor-spar  and  glass, and  adds 
sulphuric  acid,  to  about  three  times  the  amount  of  the  fluor*spar 
in  weighty  and  mixes  the  whole  well.  A  l^rge  globe  with  a 
long  neck  is  then  provided,  and  a  sufficient  quantity  of  water 
put  into  it ;  the  neck  of  the  retort  is  introduced  ;  the  globe 
shaken,  to  moisten  the  interior  with  water,  and  the  fluo-silicic 
gas  evolved  by  the  application  of  heat.  When  it  arrives  in  the 
globe  it  condenses  in  the  water,  and  as  soon  as  the  quantity  of 
silica  produced  retards  the  contact  of  the  gas  and  water,  the 
globe  is  again  shaken  and  the  operation  continued.  In  this  way 
no  gas  escapes,  and  the  water  soon  becomes  saturated  with  the 
acid  ;  the  silica  is  easily  separated.* 

Liquid  Jlmmonia  (526)* — The  following  process  for  the  prepmtioa 
preparation  of  liquid  ammonia  is  said  to  produce  double  the  ^o|^*^^' 
quantity  obtained  by  the  usual  methods.  A  tubulated  retort  is 
to  be  put  into  a  sand-bath,  and  connected  with  a  small  balloon 
placed  on  a  small  furnace;  a  tube  is  to  proceed  from  the  balloon 
to  a  flask  which  is  to  be  supplied  with  a  safety  tube,  and  with 
another  tube  dipping  into  a  mercurial  bath.  Equal  parts  of  sal- 
ammoniac  and  hydrated  lime  are  to  be  used  ;  the  lime  is  to  be 
xnadflMj^o  a  cream  with  water,  and  put  into  the  retort,  and  then 
the  polKlered  sal-ammoniac  added  ;  after  being  well  mixed  the 
retort  is  to  be  closed  ;  water,  equal  in  weight  to  the  sal-ammo- 
niac, is  to  be  put  into  the  flask  ;  the  retort  in  the  sand-bath  to 
be  heated,  and  the  balloon  moderately  warmed.  As  the  ammo- 
niacal  gas  is  disengaged  it  will  be  absorbed  by  the  water  in  the 
flask.  By  managing  the  fire  properly,  and  distilling  the  portion 
of  impure  ammonia  in  the  balloon,  pure  ammonia  of  the  sp.  gr. 
of  ,910  will  be  obtained,  16  lbs  being  produced  for  every  10 
lbs  of  sal-ammoniac  employ ed.t 

Habitudes  of  Sulphuric  •^cid^-^M.  Bellani  found  that  the  nnbituiies  of 
glacial  sulphuric  acid  of  Nordhausen,  like  common  concentrated  koIS^""*' 
sulphuric  acid^  had  a  specific  gravity  of  1,843  at  50°  F.  and 
that  it  congealed  at  53?, 6.     When  it  was  exposed  to  air,  at 
nearly  a  freezing  temperature,  the  surface  absorbed  water  and 
became  covered  with  crystals,  which  when  separated  and  fused, 
gave  a  liquid  of  sp.  gr.  1,78.     On  the  other  hand,  when  glacial      * 
acid  was  mixed  with  enough  water  to  give  a  fluid  of  sp.  gr. 
1,793,  it,  when  frozen,  supplied  crystals  which,  bein^  melted, 
gave  a  liquid  of  sp.  gr.  1,78,  whilst  the  residual  liquid  had  a 
sp.  gr.  of  1,73. 

When  sulphuric  acid,  concentrated  or  diluted,  congeals,  it 
-undergoes  a  diminution  of  volume,  almost  equal  in  extent  to 
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the  increase  which  takes  pl^ce  with  water  under  similar  circum- 
stances. Thus  1000  parts  of  fluid  glacial  acid  become  925  parts 
by  volume  of  solid  acid ;  and  1000  parts  of  acid  of  sp.  gr.  it7d> 
by  congealing,  become  910  parts,  from  which  it  would  appear 
that  the  water  in  the  diluted  acid  does  not  undergo  the  same 
change  in  solidifying,  as  when  in  the  free  state.* 

Oxide  of  Carbon, — M.  Dumas  has  proposed  the  following 
method  of  preparing  this  gas  :  he  mixes  salt  of  sorrel  with  five 
or  six  times  its  \(reight  of  concentrated  sulphuric  acid ;   the 
mixture  when  heated  in  a  proper  apparatus,  yielded  a  considera- 
ble quantity  of  a  gas  composed  of  equal  parts  o{  carbonic  acid 
gas  and  oxide  of  carbon  ;  after  absorbing  the  carbonic  acid  ^as 
by  potassa,  the  oxide  of  carbon  remains  in  a  state  of  purity. 
This  process  may  be  employed  ibr  examining  the  salt  of  sorrel 
of  commerce.     Bitartrate  of  potassa  treated  in  the  same  manner 
gives  oxide  of  carbon,  carbonic  and  sulphurous  acids,  and  the 
liquor  becomes  black  by  the  deposition  of  carbon.     The  salt  of 
sorrel  on   the  contrary,  never  yields  sulphurous  acid,  and  the 
sulphuric  acid  employed  remains  perfectly  limpid  and  colour- 
Icss.t 

•Aluminum  (1200). — M.  Wohler  has  given  the  following 
account  of  the  preparation  and  properties  of  aluminum.  The 
method  of  preparing  it  is  founded  on  the  inoxidability  of  this 
metal  by  water.  When  an  attempt  was  made  to  heat  chlo- 
ride of  aluminum  wiih  potassium  in  a  tube,  the  action  was  so 
strong  and  the  extrication  of  heat  so  considerable,  that  the 
apparatus  was  instantly  broken.  A  small  platinum  udiible 
was  therefore  employed,  the  cover  of  which  was  kept  fli  by  a 
wire  of  the  same  metal.  At  the  moment  of  reduction  the  cruci- 
ble became  intensely  red-hot,  both  within  and  without,  although 
it  was  but  slightly  heated  :  the  metal  of  the  crucible  was  not 
sensibly  acted  upon.  The, operation  may  also  be  effected  in  a 
porcelain  crucible  with  a  cover  attached.  Some  small  pieces  of 
potassium  of  about  the  size  of  a  pea,  and  not  more  than  ten  at 
once,  are  placed  in  the  crucible,  and  upon  tbem  are  put  an 
equal  number  of  pieces  of  aluminum  of  the  same  size ;  the 
crucible  is  to  be  healed  with  the  spirit-lamp,  at  first  gently,  and 
afterwards  more  strongly,  and  until  the  spontaneous  incandes- 
cence of  the  matter  ceases.  Excess  of  potassium  is  to  be  avoid- 
ed ;  for  after  it  was  oxidized,  it  would  dissolve  a  portion  of  the 
aluminum.  The  reduced  mass  is  generally  completely  fused, 
and  is  of  a  blackish  grey  colour.  When  all  is  cold,  the  crucible 
is  to  be  thrown  into  a  large  vessel  of  water ;  a  grey  powder  is 
soon  deposited,  which,  when  looked  at  in  the  sunshine,  appears 
to  be  entirely  composed  of  small  metallic  plates ;  the  powder 
is  to  be  washed  with  cold  water  and  then  dried :  it  is  the  metal 
of  alumina. 

Aluminum  somewhat  resembles  platinum  in  powder.  M. 
Wohler  discovered  some  scaly  coherent  particles,  which  had 
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the  colour  and  splendour  of  tin.  Under  the  burnisher  it  readily 
assumes  the  appearance  of  this  metal ;  rubbed  in  an  agate  mortar, 
it  seems  to  be  a  little  compressible,  and  unites  into  larger  scales, 
with  a  metallic  lustre ;  and  it  leaves  in  the  mortar  traces  of  a 
metallic  appearance.  When  heated  in  the  air,  until  it  is  ignited, 
it  inflames  and  burns  with  great  rapidity ;  the  product  is  the 
white  oxide  of  aluminum  in  a  hard  mass.  Reduced  to  powder 
and  blown  upon  in  the  flame  of  a  candle,  each  particle  suddenly 
becomes  an  inflamed  point,  the  splendour  of  which  is  not  less 
than  that  of  the  sparks  of  iron  burning  in  oxygen  gas.  In 
pure  oxygen  gas  aluminum  burns  with  so  dazzling  a  light,  that 
the  eyes  can  scarcely  bear  it ;  the  heat  generated  is  so  consider- 
able that  the  oxide  produced  is  partly  fused.  The  particles 
which  have  been  fused  are  yellowish,  and  as  hard  as  corundum ; 
they  do  not  merely  scratch,  but  they  cut  class.  In  order  that 
aluminum  may  burn  in  oxygen  gas  it  must  be  heated  to  redness. 

Aluminum  is  not  oxidized  by  water,  and  this  fluid  may  spon- 
taneously evaporate  from  the  metal  without  its  being  in  the  least 
tarnished  ;  when,  however,  the  water  is  nearly  at  its  boiling 
point,  the  metal  is  slowly  oxidized,  and  hydrogen  is  liberated. 

Sulphuric  and  nitric  acids  when  cold  do  not  act  upon  alumi-  Action  of 
num ;  when  heated,  concentrated  sulphuric  acid  readily  dissolves  *^^ 
it,  and  without  the  evolution  of  sulphurous  acid. 

Aluminum  introduced  into  a  solution  of  caustic  potassa,  even  — ofpotniM. 
when  weak,  dissolves  readily,  and  with  the  evolution  of  hydro- 
gen ;  the  solution  is  perfectly  dear ;  the  same  solution  takes 
place  in  ammonia ;  and  it  is  surprising  to  observe  how  much  of 
this  earth  the  ammonia  is  capable  of  uniting  with  :  the  evolution 
of  hydrogen  is  similar  to  that  with  potassa.  When  aluminum 
is  heated  to  dull  redness,  and  exposed  to  a  current  of  chlorine^ 
it  inflames  and  is  converted  into  chloride,  which  sublimes  as 
fast  as  it  is  formed. 

Chloride  o/ Muminum.'^M.  Wohler  obtains  chloride  of  cbiorid««r 
aluminum,  for  the  purpose  of  procuring  the  metal  from  it,  by  «!«»»■' 
the  following  process :  alumina  precipitated  by  excess  of  car- 
bonate of  potassa,  was  well  washed  and  dried,  and  then  made 
into  a'thick  paste  with  powdered  charcoal,  sugar  and  oil ;  this 
paste  was  then  heated  in  a  covered  crucible  until  all  the  organic 
matter  was  destroyed.  By  these  means  any  sjubstance  is  mixed 
very  intimately  with  carbon :  the  product  while  it  was  hot,  was 
put  into  and  made  to  fill  a  porcelain  tube,  which  was  placed  in 
a  furnace  of  an  oblong  form.  One  end  of  the  tube  was  con- 
nected with  another  tube  containing  fused  chloride  of  calcium, 
and  this  with  an  apparatus  for  the  evolution  of  chlorine :  the 
other  end  of  the  tube  opened  into  a  small  tubulated  receiver, 
provided  with  a  conducting  tube.  When  the  apparatus  was 
full  of  chlorine,  the  tube  and  its  contents  were  made  red  hot. 
The  chloride  of  aluminum  was  readily  formed;  a  small  portion 
was  carried  over  with  oxide  of  carbon,  which  fumed  strongly 
on  coming  into  contact  with  the  air.    The  chlorine  was  long 
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retained  by  the  mass  of  matter.  The  receiver  contained  chlo- 
ride of  aluminum  in  the  state  of  powder.  After  an  hour  and  a 
half  the  chloride  obstructed  the  end  of  the  tube  (though  an  inch 
in  diameter)  which  passed  into  the  receiver ;  this  caused  the 
stoppage  of  the  process. 

On  taking  the  apparatus  to  pieces,  it  was  found  that  all  that 
part  of  the  tube  which  passed  through  the  furnace  was  filled 
with  chloride  of  aluminumi  and  it  weighed  more  than  an  ouaco. 
It  consisted  partly  of  an  aggregation  of  long  crystals,  and  partly 
of  a  firm  mass,  which  was  readily  detached  from  the  tube  and 
was  of  a  pale  yellowish  green  colour,  semi  transparent,  and  of 
a  lamellated  and  distinctly  crystalline  texture.  When  brought 
into  contact  with  the  air,  it  fumed  feebly,  gave  a  smell  of  muri- 
atic  acid,  and  soon  became  a  transparent  fluid.  When  thrown 
into  water,  it  dissolved  with  strong  hissing,  accompanied  with 
so  much  heat,  that  the  fluid,  when  the  quantity  is  small,  boils 
rapidly  :  according  to  M.  Oersted,  the  temperature  is  not  much 
higher  than  that  of  boiling  water.  Its  fusing  and  vaporizing 
points  seem  to  be  the  same.  Chloride  of  aluminum  may  be 
preserved  without  any  alteration  in  naphtha ;  when  heated  with 
this  oil  it  liquefies,  and  sinks  to  the  bottom  of  the  vessel,  in  the 
form  of  a  reddish-brown  liquid,  upon  which  potassium  exerts 
no  action. 
Mpteratof  Sulphuret  (^  Aluminum. — When  sulphur  is  suflered  to 
^'  drop  upon  aluminum  in  a  state  of  vivid  ignition,  the  mixture 
becomes  strongly  incandescent,  and  a  black  frit  is  formed ;  it  is 
semi-metallic  in  appearance,  and  when  polished  is  of  a  shining 
iron  black  colour.  Exposed  to  the  air  it  emits  the  smell  of 
sulphuretted  hydrogen,  swells,  and  falls  into  a  greyish-white 
powder }  when  applied  to  the  tongue,  it  occasions  a  hot  pene- 
trating sensation ;  when  thrown  into  water  it  is  converted  into 
a  grey  powder  of  alumina,  accompanied  with  a  rapid  disengage- 
ment of  sulphuretted  hydrogen.  Sulphate  of  alumina  when 
heated  to  redness  in  contact  with  hydrogen,  loses  its  acid,  but 
the  earth  is  not  reduced. 

Sulphuretted  Hydrogen  and  Aluminum. — When  chloride 
of  aluminum  is  sublimed  in  a  small  retort,  and  a  strong  current 
of  sulphuretted  hydrogen  is  at  the  same  time  made  to  enter  its 
neck,  it  is  absorbed ;  and  a  very  white  sublimate  is  formed, 
partly  in  the  state  of  pearly,  transparent,  scaly  crystals*  and  partly 
in  that  of  a  brittle  mass.  In  contact  with  the  air  the  sublimed 
«  matter  moistens  rapidly,  sulphuretted  hydrogen  is  disengaged, 
and  chloride  of  aluminum  remains  in  solution.  When  sublimed 
in  a  tube,  it  evaporates  with  the  evolution  of  sulphuretted 
hydrogen  equal  to  from  30  to  40  times  its  volume,  which,  how- 
ever, cannot  be  the  whole  of  the  gas,  because  the  combination 
is  formed  at  a  high  temperature.  When  put  into  water  the 
sublimate  is  decomposed  with  the  same  violence  as  the  pure 
chloride ;  much  sulphuretted  hydrogen  is  disengaged,  and  the 
solution  is  rendered  turbid  by  the  precipitation  of  sulphur. 
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Phosphuret  of  Aluminum. — Aluminum  heated  to  redness  PbotpiioNt^f 
in  the  vapour  of  phosphorus,  combines  with  it  with  vivid  ■*"■**'*"• 
inflammation ;  the  product  is  a  blackish  grey  pulverulent  sub* 
stance,  which,  under  the  burnisher,  assumes  a  deep  grey  metallic 
lustre,  and  exhales  a  smell  of  phosphuretted  hydrogen  ;  when 
thrown  into  water,  it  occasions  the  evolution  of  phosphuretted 
hydro^n,  which  is  not  spontaneously  inflammable. 

Seleniurei  o/Muminum. — Selenium  when  mixed  with  the  Bekdai«, 
metal  of  alumina,  and  heated  to  redness,  combines  with  it,  pro- 
ducing strong  inflammation.  The  seleniuret  thus  obtained  is  a 
black  powder,  which  being  rubbed  becomes  of  a  dull  metallic 
aspect.  When  exposed  to  the  air  it  continually  exhales  a  smell 
of  selenioretted  hydrogen  ;  in  water  the  disengagement  of  this 
gas  is  very  rapid,  and  the  water  is  quickly  reddened  by  a  por- 
tion of  precipitated  selenium. 

Jiratniurei  of  •Aluminum. — Arsenic  in  powder  heated  to  Anaim^ti 
redness  with  aluminum,  combines  with  it.  The  compound  is 
a  powder  of  a  deep  grey  colour,  which  by  rubbing  acquires  a 
dull  metallic  appearance,  and  when  exposed  to  the  air  it  exhales 
a  faint  smell  of  arseniuretted  hydrogen  ;  when  cold,  the  disen- 
gagement is  slow,  but  is  much  accelerated  by  heat. 

miuret  of  Aluminum. — When  the  powder  of  tellurium  TdUi^ 
was  put  into  a  tube  with  aluminum,  much  heat  was  excited,  and 
the  mixture  was  thrown  with  explosion  out  of  the  tube  ;  this 
inconvenience  is  avoided  by  not  powdering  the  tellurium.  The 
product  is  a  metalline,  brittle,  black  fnt,  which  when  exposed 
to  the  air  emits  an  intolerable  odour  of  telluretted  hydrogen  ; 
and  when  thrown  into  water  it  evolves  the  same  gas  with 
rapidity.* 

Chromit  Add  (1537). — M.  Maus  prepares  chromic  acid  by  chn«i« 
the  following  process.  A  hot  and  concentrated  solution  of  the  *^' 
bichromate  of  potassa  is  to  be  decomposed  by  fluo-silicic  acid, 
the  liquid  is  to  be  filtered  and  evaporated  to  dryness ;  the  acid 
thus  dried  is  to  be  dissolved  in  as  small  a  quantity  of  water  as 
possible,  and  the  clear  fluid  decanied  from  the  deposit  of  fluo- 
silicate  of  potassa  which  has  passed  the  filter.  The  separation 
of  this  portion  must  not  be  made  by  a  filter,  for  in  this  state 
the  chromic  acid  attacks  the  paper,  and  is  itself  converted  into 
oxide  of  chrome. 

Oaseous  Fluoride  of  Manganese. — Ordinary  chameleon  OmmdoMi* 
mineral  (1222)  was  mingled  with  half  its  weight  of  powdered  "^^'"^^ 
fluor-spar,  and  acted  upon  by  sulphuric  acid,  an  instant  disen- 

figement  of  purple  red  vapours  in  brge  quantity  took  place, 
he  same  experiment  was  made  in  a  platinum  retort,  and  the 
gas  conducted  into  a  platinum  crucible  containing  a  little  water  ; 
it  was  absorbed,  and  the  water  acquired  the  purple  colour  of 
manganese,  and  was  acid  in  its  properties.  On  opening  the  re- 
tort before  the  action  was  over,  it  was  found  filled  with  ^yelUno 

1*4  Rep.  A  Gkim.  Jaib  ISH ;  tnd  Wmi.  Pk(j0*.  N.  8.  xz.  H7. 


£88  Mdenda. 

gaif  instantly  turning  purple  by  contact  with  the  air.  To 
prove  that  the  yellow  gas  did  not  arise  from  nitre,  a  pure  crys- 
tallized nxanganesiate  of  potassa  was  made  by  heating  to  dull 
redness  equal  parts  of  hydrated  potassa  and  peroxide  of  man- 

f;anese.  This,  mixed  with  its  weight  of  powdered  fluor-spar, 
ree  from  silica,  was  acted  on  by  sulphuric  acid  as  before,  the 
fas  passed  first  into  a  glass  receiver  and  from  thence  into  water, 
'or  the  first  moment  the  receiver  was  filled  with  a  greenish 
yellow  gas,  but  this  soon  disappeared  from  action  upon  the 
glass ;  the  latter  was  strongly  corroded  and  covered  with  a 
brown  substance,  which  gave  an  intens^e  purple  colour  to  water. 
The  water  into  which  the  gas  passed  soon  became  red,  and  was 
covered  with  a  crust  of  rose-coloured  silica.  On  dismounting 
the  apparatus,  the  glass  receiver  was  found  filled  with  fluo-silicic 
gas,  and  the  retort,  as  before,  with  a  yellow  gas,  becoming^ 
purple  instantly  in  the  air.  Hence  it  appears  that  a  gaseous 
fluoride  of  manganese  was  formed,  of  a  greenish  yellow  colour, 
which,  with  air,  formed  a  red  purple  cloud,  dissolved  in  water, 
producing  a  red  purple  colour,  and  was  decomposed  by  glass 
into  manganesic  acid  and  fluo*silicic  gas. 

The  red  solution  of  the  gas  in  water  rapidly  dissolved  copper, 
mercury,  and  silver,  without  the  evolution  of  gas  ;  fluoride  of 
silver,  &c.  and  a  proto-fluoride  of  manganese  being  formed. 
The  purple  red  solution  when  evaporated  slowly  in  a  platinum 
vessel,  continually  developes  oxygen  and  vapours  of  fluoric 
acid ;  and  there  remains  a  brilliant  brown  substance,  which,  by- 
water,  is  converted  into  a  black  subfluoride  of  manganese.* 

Silicate  qf  Soda — See  Mr  Walcker's  experiments  in  Quart. 
Jour.  vi.  N.  S.  371. 

Separation  qf  Lime  from  Magnesia — See  Mr  WalckePs 
experiments  in  Quart,  Jour.  vi.  N.  S.  374. 
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APPENDIX, 

Ih*  fVdllaston*s  Synoptic  Scale  of  Chemical  EquivalenU,^* 
The  paper,  by  its  author,  describing  the  nature  of  the  scale  and 
the  manner  of  ascertaining  the  numbers  appropriated  to  the 
different  substances  upon  it,  is  inserted  in  the  Philosophical 
Transactions  for  1814.  The  scale  itself,  as  purchased  of  the 
instrument-maker,  consists  of  a  moveable  slider  with  a  series  of 
numbers  upon  it,  from  10  to  320,  on  each  side  of  which  and  oo 
the  fixed  part  of  the  scale^  are  set  down  the  names  of  various 
chemical  substances. 

The  scale  is  founded  on  three  important  points^— the  constancy 
of  composition  in  chemical  compounds  (77) ;  the  equivalent 
power  of  the  quantities  that  enter  into  combination  (79,  &e.) ; 
and  the  properties  of  a  logometrlc  scale  of  numbers. 

It  will  be  found  that  the  numbers  are  so  arranged,  that  at 
equal  intervals  they  bear  the  same  proportion  to  each  other* 
The  student  will  easily  observe  and  understand  this,  by  measur- 
ing a  few  distances  upon  the  scale  with  a  pair  of  compasses,  or 
even  a  piece  of  paper.  If  his  paper  extend  A'om  10  to  20,  it 
will  also  extend  from  20  to  40,  or  from  55  to  110,  or  from  160 
to  320.  Whatever  number  is  at  the  upper  edge  of  the  paper 
will  be  doubled  at  the  lower.  If  any  other  distance  be  taken, 
the  same  effect  will  be  observed.  If,  for  instance,  the  paper 
extends  from  10  to  14,  then  any  other  two  numbers  found  at 
its  upper  and  lower  edge  will  be  in  the  same  proportion  as  these 
two  numbers  10  and  14.  Thus  make  the  upper  number  100, 
and  the  lower  number  will  be  140. 

Now  supposing  that  the  paper  were  cut  of  such  a  width  that, 
one  of  its  edges  being  applied  upon  the  scale  to  th^  number  rep- 
resenting the  equivalent  of  one  body,  the  other  should  coincide 
with  the  number  of  the  equivalent  of  a  second  body ;  then  upoa 
moving  the  paper,  wherever  it  was  placed  over  the  numbers, 
those  at  its  upper  and  lower  edges  would  still  represent  the 
corresponding  proportional  quantities  of  the  two  bodies  as 
accurately  as  at  first,  because  the  numbers  at  equal  distances  on 
the  scale  are  proportional  to  each  other.  Thus  suppose  the 
upper  edge  were  made  to  coincide  with  40  and  the  lower  with 
78,  then  the  upper  edge  might  be  called  sulphuric  acid,  and 
the  lower  baryta;  and  this  width  once  ascertained,  the  paper 
wherever  applied  upon  the  scale,  would  shew  at  its  lower  edge 
the  quantity  of  baryta  necessary  to  combine  with  the  quantity 
of  sulphuric  acid  indicated  by  its  upper  edge. 

It  is  evidently  of  no  consequence  whether  the  paper  be  moved 
tip  and  down  over  the  scale,  or  the  line  of  numbers  be  moved 
higher  and  lower,  to  bring  its  different  parts  to  the  edges  of  the 
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paper.  And  supposing  the  piece  of  paper  just  described  to  b» 
pasted  upon  the  side  of  the  scale,  then  by  moving  the  latter  anj 
of  the  numbers  might  be  made  to  coincide  with  the  upper  or 
lower  edge  at  pleasure,  and  consequently  the  quantity  of  sul- 
phuric acid  necessary  to  combine  with  any  quantity  of  baryta, 
and  vice  versa,  ascertained  by  mere  adjustment  and  inspection 
of  the  scale.  Or  if,  instead  of  referring  to  the  separate  piece  of 
paper,  marks  were  to  be  made  on  the  side  of  the  scale  at  40 
and  76,  and  named  sulphuric  acid  and  baryta,  the  same  object 
would  be  attained,  and  the  same  method  of  inquiry  rendered 
available. 

Other  substances  are  to  be  put  down  upon  the  scale  exactly 
in  the  same  manner.  Thus  the  scale  being  adiusted  until  th^ 
number  40  coincides  with  the  sulphuric  acid  already  marked, 
then  sulphate  of  baryta  is  to  be  written  at  118,  and  thus  its 
place  is  ascertained  ;  nitrate  of  baryta  at  132 ;  soda  at  3d;  sul- 
phate of  soda  at  72  ;  and  a  similar  process  is  to  be  adopted  with 
every  substance,  the  number  of  which  has  been  ascertained  by 
experiment.  The  instrument,  which  in  this  state  merely  repre- 
sents the  actual  numbers  supplied  by  experiment,  will  faithfully 
preserve  the  proportions,  thus  set  down,  whatever  the  variation 
of  the  position  of  the  slider  may  be.  It  is  therefore  competent 
to  change  all  the  numerical  expressions  to  any  degree  requiredi 
the  knowledge  of  one  only  being  sufficient  first  by  adjastment, 
and  then  by  inspection  to  lead  to  the  rest 

A  few  illustrations  of  the  powers  and  uses  of  this  scale  will 
be  sufficient  to  make  the  student  perfect  master  of  its  nature 
and  applications.  Suppose  that  in  analysing  a  mineral  water, 
the  sulphates  in  a  pint  of  it  have  been  decomposed  by  the 
addition  of  muriate  of  baryta,  and  the  resulting  sulphate  of 
baryta  washed,  dried,  and  weighed :  from  its  quantity  may  be 
deduced  the  exact  quantity  of  sulphuric  acid  previously  existing 
in  the  mineral  water.  Thus,  if  the  sulphate  of  baryta  amount  to 
43,4  grains,  the  slider  is  to  be  moved  until  that  number  is  opposite 
to  sulphate  of  baryta^  and  then  at  sulphuric  acid  will  be  found 
the  quantity  required,  namely  14,7  grains.  In  the  same  manner 
the  scale  will  give  information  of  the  quantity  of  any  substance 
contained  in  a  given  weight  of  any  of  its  compounds ;  these  hav- 
ing previously  been  deduced  from  experiment,  and  accurately 
set  down  on  the  table  in  the  manner  iust  explained. 

If  it  be  desired  to  know  how  much  of  one  substance  most  be 
used  in  an  experiment  to  act  upon  another,  it  is  evident  that 
the  equivalent  must  be  taken,  and  this  may  be  learned  from  the 
scale.  Suppose  that  a  pound  of  sulphate  of  baryta  has  beea 
mixed  with  charcoal,  and  well  heated,  to  convert  it  into  a 
sulphuret,  and  that  by  the  addition  of  nitric  acid  it  is  to  be 
converted  into  nitrate  of  baryta.  The  quantity  of  acid  whick 
will  probably  be  required  may  be  learned  by  bringing  100  to 
sulphate  of  baryta,  and  then  by  looking  for  the  number  opposite 
oitric  acid  :  it  will  be  found  to  be  46.    But  this  represents  the 
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quantity  of  d^y  acid ;  casting  the  eye  therefore  lower  dowo» 
upoa  liquid  nitric  acid  of  a  specific  gravity  of  l^SO,  it  will  be 
found  that  61  lbs  or  a  little  more,  is  the  equivalent  for  100  lbs 
and  consequently  that  61  hundredth  parts,  or  somewhat  above 
six-tenths  of  a  pound  of  such  acid,  will  be  sufficient  for  the 
pound  of  sulphate  of  baryta  operated  with. 

If  a  certain  weight  of  carbonate  of  baryta  be  required  in  that 
moist  and  finely  divided  state,  in  which  it  is  obtained  by  pre* 
cipjtation,  and  in  which  it  cannot  be  weighed,  the  accuracy  of 
the  quantity  may  be  insured  by  taking  the  equivalent  of  dry 
muriate,  or  nitrate  of  baryta,  precipitating  it  by  an  excess  of 
carbonate  of  potassa,  and  then  washing  ofi*  the  salts  which 
remain  in  solution.  Suppose  100  grains  of  the  carbonate  were 
required  ;  by  bringing  that  number  to  carbonate  of  baryta,  it 
will  be  found  that  the  quantity  of  dry  muriate  necessary  will 
be  105,8  parts,  and  the  quantity  of  nitrate  133,4 ;  and  if  the 

Sjantity  of  carbonate  of  potassa  necessary  for  this  purpose  be. 
so  required,  it  will  be  found  op|A)site  the  name  of  that  sub^ 
stance  on  the  scale,  to  be  a  little  less  than  70  parts,  so  that  5  or 
10  parts  more  will  ensure  a  satisfactory  excess. 

The  second  paragraph  of  Dr  Wollaston's  description  of  this 
scale  may  be  transcribed,  as  a  further  illustration  of  the  powers 
of  the  instrument.  **  If,  for  instance,  the  salt  under  examina* 
tion  be  the  common  blue  vitriol,  or  crystallized  sulphate  of 
copper,  the  first  obvious  questions  are — (1)  How  much  sulphu- 
ric acid  does  it  contain  ?  (2)  How  much  oxide  of  copper  ? 
(3)  How  much  water  ?  He  [the  analytic  chemist]  may  not  be 
satisfied  with  these  first  steps  in  the  analysis,  but  may  desire  to 
know  further  the  quantities  (4)  of  sulphur,  (5)  of  copper,  (6) 
of  oxygen,  (7)  of  hydrogen.  As  means  of  gaining  this  infor- 
mation, he  naturally  considers  the  quantity  of  various  re-agents 
that  may  be  employed  for  discovering  the  quantity  of  sulphuric 
acid  (8),  how  much  baryta,  (9)  carbonate  of  baryta,  or  (10) 
nitrate  of  barytes,  would  be  requisite  for  this  purpose  ?  (11) 
How  much  lead  is  to  be  used  in  the  form  of  (12)  nitrate  of  lead; 
and  when  the  precipitate  of  (13)  sulphate  of  baryta,  or  (14) 
sulphate  of  lead  are  obtained,  it  will  be  necessary  that  he  should 
also  know  the  proportion  which  either  of  them  contains  of  dry 
sulphuric  acid.  He  may  also  endeavour  to  ascertain  the  same 
point  by  means  of  (15)  the  quantity  of  pure  potassa,  or  (16)  of 
carbonate  of  potassa  requisite  for  the  precipitation  of  the  copper. 
He  might  also  use  (17)  zinc,  or  (18)  iron,  for  the  same  purpose, 
and  he  may  wish  to  know  the  quantities  of  (19)  sulphate  of  zinc, 
or  (20)  sulphate  of  iron,  that  will  then  remain  in  the  solution." 

All  these  questions  and  points  are  ansvf^ered  by  moving  the 
slider  until  the  number  expressing  the  quantity  operated  with 
.coincides  with  sulphate  q/  copper  erysiallized.  5,  fVaier. 
Let  it  for  instance  be  100 :  this  being  brought  opposite  crys« 
tallized  sulphate  of  copper,  the  information  relative  to  all  the 
above  pointSi  except  tbs  sixth  and  seventh,  is  supplied  by  mere 
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inspection.  The  sixth  may  be  supplied  by  subtracting  (5)  the 
quantity  of  copper  from  (2)  the  quantity  of  oxide  of  copper,  or 
by  halving  the  quantity  at  2  oxygen,  of  taking  the  third  of  that 
at  3  oxygen.  The  seventh  relates  to  the  quantity  of  hydrogen 
in  the  5  water  present  in  the  salt ;  this  quantity  of  hydrogen 
does  not  come  within  the  line  of  numbers,  but  may  easily  be 
obtained  by  doubling  the  quantity  of  water,  or  doubling  the 
quantity  of  the  salt  used,  which  will  then  bring  10  hydrogen 
into  the  scale,  and  the  half  of  this  is  to  be  taken  as  the  quantity 
in  5  water,  or  in  100  grains  of  the  salt.  Putting  therefore  200 
to  sulphate  of  copper,  10  hydrogen,  is  indicated  as  17  parts 
nearly,  when  of  course  the  half  of  this,  or  8,5  parts,  is  the 
quantity  in  100  grains  of  the  crystallized  salt  of  copper. 

Whenever  it  thus  happens  that  the  number  known  or  the 
number  sought  for  is  out  of  the  scale,  then  some  convenient 
multiplier  of  the  numbers  may  be  used.  The  most  convenient 
method  is  to  use  the  tens  or  the  hundreds  as  units,  or  what  is 
the  same  thing,  to  consider  for  the  time  that  decimal  points  are 
inserted  between  the  units  and  the  tens,  or  between  the  tens  and 
the  hundreds  of  all  the  numbers  on  the  scale.  Thus  if  it  were 
required  to  ascertain  how  much  magnesia  and  sulphuric  acid 
were  contained  in  a  pound  of  crystallized  sulphate  of  magnesia, 
no  1  exists  upon  the  scale,  and  of  course  no  fractions  or  smalt 
parts  of  1 ;  but  imagine  decimal  points  between  the  tens  and 
the  hundreds,  then  10  upon  the  scale  becomes  one-tenth,  22 
twenty-two  hundredths,  100  one,  220  two  and  two-tenths  and 
80  on.  Bringing  therefore  100  to  crystallized  sulphate  of  mag- 
nesia, it  represents  the  1  pound,  and  by  inspection  it  will  h^ 
found  that  it  contains  16  hundredths  of  a  pound  of  magnesia, 
and  32^  hundredths  of  a  pound  of  sulphuric  acid. 

As  another  illustration  ;  suppose  tliat  the  quantity  of  magnesia 
in  50  lbs  of  crystallized  Epsom  salt  were  required ;  upon  bring- 
ing 50  opposite  the  name  of  the  salt,  the  quantity  of  magnesia 
will  be  found  smaller  than  any  quantity  expressed  upon  the 
scale :  but  all  that  is  necessary  to  obtain  the  answer  is,  to  double 
the  quantity  of  the  salt,  and  then  to  halve  the  quantity  of  mag- 
nesia indicated  ;  in  which  way  it  will  be  found  that  the  50  lbs 
contain  about  8  lbs  of  the  earth. 

These  Synoptic  scales  are  generally  constructed  of  paper  or 
wood.  Those  on  paper  are  first  laid  down  accurately  upon 
copper,  are  then  engraved,  impressions  worked  off  upon  paper, 
and  these  impressions  pasted  upon  a  wooden  frame  and  slider 
prepared  for  them.  It  is  almost  impossible  that  these  scales 
should  be  accurate,  because  of  the  extension  and  cotptraction  of 
paper  when  it  is  damped,  and  again  dried,  and  the  facility  with 
which  it  yields  to  mechanical  impressions,  and  may  be  stretched 
when  in  a  moistened  state.  When  the  paper  is  pasted  to  make 
it  adhere  to  the  wood,  it  extends  considerably  in  all  directions ; 
and  though  this  extension,  as  caused  merely  by  dampness,  would 
not  very  much  surpass  that  which  bad  taken  place  in  the  paper 
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l¥hen  damped  previous  to  its  receiying  the  ink  flrom  the  copper- 
plate} it  is  seriously  increased  by  the  rubbing  and  other  mechani- 
cal action  employed 9  both  in  applying  the  paste  from  a  brush, 
and  in  afterwards  bringing  the  paper  into  close  contact  at  every 
part  with  the  wood.  These  scales  should  never  therefore  be 
eonsidered  as  accurate  when  *  they  first  come  from  the  instru- 
ment-maker. They  may  be  examined  by  a  pair  of  compasses  ^- 
or  a  piece  of  paper,  as  before  described  (p.  569),  to  ascertain  how 
nearly,  equal  intervals  on  the  scale  of  numbers,  accord  with 
equal  proportions  between  the  numbers  at  the  extremities  of 
those  intervals,  and  thus  the  degree  of  error  in  them,  and  the 
part  where  it  exists  to  the  greatest  extent  may  be  observed  :  but 
it  will  be  useless  to  do  so  with  the  view  of  finding  one  so 
accurate  as  to  dispense  with  calculation  in  exact  analytical  ex- 
periments. 

Those  scales,  which  are  laid  down  directly  upon  wood,  though 
not  liable  to  the  same  sources  of  error  as  the  paper  scales,  are 
still  seldom,  if  ever,  so  accurate  as  to  compete  with  calculation. 
The  errors  just  referred  to,  relate  to  the  accuracy  of  the  scale 
of  numbers,  and  its  proportional  value  in  every  part.  Others 
relate  to  the  imperfect  and  inaccurate  results  of  the  experiments, 
by  which  the  numbers  representing  the  equivalent  or  combining 
quantities  of  bodies  are  obtained.  If  an  inaccurate  result  be 
mistaken  for  a  correct  one,  and  the  proportional  number  of  a 
body  be  entered  erroneously  upon  the  scale,  it  is  evident  that  all 
estimations  of  substances  including  that  body,  which  are  given 
by  the  scale,  must  involve  this  original  inaccuracy.  Whenever 
therefore  a  more  accurate  determination  of  the  number  of  a 
body  is  obtained  than  was  before  possessed,  its  place  on  the  , 
scale  should  be  corrected;  and  as  the  equivalent  numbers  of  ^ 
substances,  previously  undetermined,  are  satis&ctorily  ascer- 
tained, the  substances  themselves  should  be  put  upon  the  scale 
in  their  proper  situations,  as  before  described. 

In  consequence  of  the  unavoidable  errors  in  the  scale  of 
numbers,  which,  however  small,  still  interfere  in  the  investiga- 
tion of  complicated  cases,  and  Ihe  determination  of  accurate  con- 
clusions, the  instrument  shbuld  only  be  used  in  those  instances 
where  accuracy  within  a  certain  degree  is  sufficient  for  the 
purpose.  All  nicer  results  should  be  obtained  by  calculation 
from  a  tahk  of  equivalents :  if,  for  instance,  the  quantity  of 
sulphuric  acid  in  64,7  grains  of  sulphate  of  baryta  were  required 
to  two  or  three  places  of  decimals,  it  would  be  better  to  take 
the  equivalent  numbers  of  sulphate  of  baryta  and  sulphuric  acid 
from  such  a  table,  and  to  say,  as  the  first  number  i^  to  the 
second,  so  is  64,7  to  the  quantity  of  siilphurie  acid  it  contains, 
than  to  work  with  the  scale.  The  present  determination  of  the 
sulphate  of  baryta  is  118,  and  that  of  sulphuric  acid  40,  hydro- 
gen beins  1  or  unity,  and  as  118  is  to  40,  so  is  64,7  to  S1,9S2 
very  oeariy.    It  will  be  impossible  to  ascertain  this  last  number 
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accurately  on  an  ordinary  scale,  or  to  observe  how  far  it  differs 
from  22. 

There  are  numerous  tables  of  equivalents  published  in  difier- 
ent  chemical  works.  Whichever  may  be  adopted  should  be 
examined  from  time  to  time,  and  the  numbers  affixed  to  bodies 
on  it  corrected,  whenever  they  are  more  accurately  determined. 

It  has  been  shewn  by  Gay-Lussac  and  others,  that  all  gases 
and  all  volatile  substances  when  in  the  state  oi  vapour,  combine, 
or  aci  chemically  io  volumes,  which  have  very  simple  relations 
to  each  other.  Thus  a  volume  of  hydrogen  combines  with  half 
a  volume  of  oxygen  to  form  a  quantity  of  water,  which,  if 
raised  into  vapour,  and  corrected  for  temperature,  &c.  is  equal 
in  bulk  to  the  volume  of  hydrogen  used.  A  volume  of  hydro- 
I  gen  combines  with  a  volume  of  chlorine,  to  form  two  volumes 

of  muriatic  acid ;  and  with  a  volume  of  the  vapour  of  iodine  to 
form  two  volumes  of  hydriodic  acid.  Three  volumes  of  hydro- 
gen coni^)ine  with  one  volume  of  nitrogen  to  form  two  volumes 
of  ammonia  ;  and  half  a  volume  of  oxygen  on  combining  with 
carbon  to  form  carbonic  oxide,  becomes  a  whole  volume. 

Relations  of  this  simple  kind  have  been  found  to  exist  in  the 
case  of  every  volatile  body,  which  has  been  particularly  examin- 
ed in  reference  to  this  point.  These  volumes  once  ascertained, 
may  be  considered  in  the  relation  of  equivalents,  and  their  pro- 
portions are  so  simple,  as  to  be  remembered  without  the  least 
difficulty  :  it  is  therefore  highly  advantageous  in  all  tables  of 
chemical  equivalents,  to  place  small  diagrams  by  the  sides  of 
the  substances  and  their  numbers,  which  may  represent  the 
volumes  of  the  equivalents  when  brought  into  the  state  of  gas 
^  or  vapour.  For  it  requires  no«  great  power  of  discernment 
«  to  perceive  that,  if  bodies  combine  in  definite  weights,  and 
also  in  simple  ratios  of  volumes,  these  volumes  so  combining 
must  contain  the  weights  previously  found  to  be  definite :  for 
whether  two  substances  which  combine  to  form  a  third,  are 
observed  by  weight  or  volume,  still  they  combine  only  in  one 
proportion. 

So  arranged,  the  table  will  have  an  appearance  of  the  follow- 
ing kind : 

Hydrogen 1  .  .  .  Q 

Oxygen S  •  •  •  a 

Chlorine 36  .  .  .  Q 

Iodine 125  •  •  •  Q 

Water 9  .  .  .  Q 

Muriatic  acid      •    .     •     .  37  .  •  •  |  |  | 

Hydriodic  acid   ....  126  .  •  •  |  |  \ 

Ammonia 17  .  •  .  |  j  | 

and  will  be  found  very  useful  when  referred  to  for  gaseous  or 
vaporous  substances.    The  proportions  of  these  volumes  are 
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much  more  easily  Temembered  than  the  proportions  of  their 
equivalent  numbers ;  which,  added  to  the  facility  with  which 
the  bulk  t>r  .gases  or  vapours  are  ascertained ,  may  often  pro* 
perly  induce  the  chemist  to  dispense  with  the  determination  of 
weights,  and  work  with  volumes  only.* 


Conducting  power  for  Heat  qf  the  Principal  Metala  and 
some  Earthy  Substances. — The  following  results  have 
been  obtain^  by  M.  Despretz,  the  experiments  having  been 
made  unth  extreme  care. 

Gold 1000,0 

mhvt 973,0 

PtetiDom  ^ 081^ 

copjMr    ----•-.-•     ooeis 

Iroo  ----•---.  S70 

ZiBO 383,0 

Tin 303,0 

LmuI 170,6 

MarUe a3,0 

Portslaia  -------.  ij>i 

Firabriek 11,4 

Thmt  plalJiMUi  tlMnild  be  abore  eon>«r,  and  efim  ail^r,  iodocM  na  to  Unert  tbo  dMcripdon  of  &• 
•zperiantnt  All  ike  ban  OMd  wvra  tquaro  prinM.  CaTities  wore  made  in  them  at  oqaal'  diitaneaa 
of  10  eantimotrM,  to  reeoiTe  the  bolba  of  imaU  tharmoiBOtvn.  Tha  lido  of  tha  MCtion,  axeopt  for 
fho  two  laat  bodiea  in  the  liit,  waa  aqaal  to  91  aiiUinetna.  Tho  bare  ware  aovared  with  tbo  aama 
Toraiah,  to  give  than  an  equal  redlatiof  power.  The  bar  experimented  with,  waf  heated  at  one 
•xtranity  by  a  nnall  itoTe,  whi<^  bai  the  advantafo  of  being  goTorned  readily,  and  of  earning  bat 
little  heat  iA  the  place.  The  temperatnre  of  the  air  waa  aaeertained  by  a  aenaible  thermometer,  and 
it  waa  fo«nd  aaay  to  make  it  nearly  uniform  ibr  the  whole  of  an  experiment.  Each  experiment 
oontlnawd  aix  houra,  and  it  waa  only  after  two  or  tliree  hourt,  that  all  the  thermoraeten  became 
■latiooary.  The  tlmrmometer  nearaet  to  tlm  aource  of  heat  aoon  aequ&rea  the  temperetnre  at  which 
it  ia  to  be  retained  autionary,  and  then  the  heat  ia  managed  ao  that  it  ahall  not  riae  or  ikll  by  that 
until  tlm  experiment  it  flniahed. 


The  following  ia  the  form  of  an  experiuMttt. 

Bar  of  Capper:  Temperaiurt  of  ike  Air  17^,03  C. 

Quotient  of  the  mm  of 

Excem  above  two  exceaaes  di vided  by 

Thermometer.  Temperature.         the  tarn,  of  air.         the  intermediate  exceaa. 

let  -  -  <  &M 

fld  -  -  -  63,30 

3d  -  -  -  48,70 

4th  -  -  -  41,40 

5th  -  -  .  3Sk71 

0th  -  -  .  33^90 


-  46,98  -  -  -  9,14 
.  38,09  -  •  .  9^15 

-  94,39  -  -  -  9,11 

-  1863  -  •  .  9,17 

-  16,18 


Itia admitted  aahaTii^ been demonatitlad that  the eoQdactihiIityiapioportioiMlto( ^^ ;  xbeiqg 

obtained  by  tho  e(|«ation  %  4-j  a  f  ;  in  which  f  ia  the  eoefflciaiit  of  the  mm  of  the  excem.  by  the 


inlarmediaia  exeeai ;  and  according  to  the  reanha  ohtaioed  with*  good  condoetora,  aa  gold,  ailTer, 
piatinnm,  eopper,  iron  and  xinc,  tbeae  aatiafy  tha  expednmntal  aerlea  which  ia  indicated  by  oalculation. 
The  lame  ia  not  the  caae  with  bad  eonductoia. 

Woodeoodneta  lo  fbebly,  tliat  a  bar  91  milUmetni  doea  not  become'  aenaibly  heated  a  few  eeoti- 
metrea  from  one  of  ila  extremitice  ao  fu  raiaed  in  temperatnre  aa  to  carbonixe  the  anbitancea.— 
jfMMlct  4»  CJtimU,  xxxri.  4S9. 


*  Fran  Fanday^  CUmktd  JUnignUihn- 
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— Jhble,  eontisiing  qf  Frigorifie  Mwiun$,  hamng  the 
Power  qf  gtntttUing^  or  creating^  Cold^  witkoui  the  out 
qf  lee,  sufficient  far  all  useful  and  philoeopkical  purpoBes, 
in  any  part  qf  the  World  at  any  Season. 


FHgorific  Mixtures  without  Ice. 


MIXTURES. 

Thermometer  sinks. 

Deg.  of  oold 
produced. 

^  Muriate  of  ammonia 
Nitrate  of  potassa . 
Water      .... 

•    6  parts 
.    .    5 
.    .  16 

From  +  SO^to-f  10<» 

40 

Muriate  of  ammonia 
Nitrate  of  potassa 
Bolphate  of  soda  , 
Water     ..... 

.    .    6  parts 
.     .    .5 
.    •    8 
.    .  16 

From  +  50<»to  +  4<» 

46 

Nitrate  of  ammonia 
Water 

.    •     1  part 

•     • 

From+50oto4.4<' 

46 

Nitrate  of  ammonia  , 
Carbonate  of  soda 
Waler      .... 

,    .     1  part 
.    .    1 
.    .    1 

From  +  50«  to  — 7^ 

57 

Sulphate  of  soda   .    , 
Diluted  nitric  acid 

,     .     3  paru 

.    .    2 

From  +  50<»to— S« 

53 

Sulphate  of  soda  .     . 
Muriate  of  ammonia 
Nitrate  of  potassa      ^ 
I>iluted  nitric  acid 

.     6  parts 

.    4 

.     4 

From  +  50*  to  — 10« 

60 

Sulphate  of  soda    . 
Nitrate  of  ammonia    . 
Diluted  nitric  acid     . 

.    .    6  parts 
.    .    5 
.    .    4 

From  +  60*»to— 14* 

64 

Fhosphate  of  soda 
Diluted  nitric  acid     . 

,    «    9  parts 

.    .    4 

From  +  50«to  — I2<> 

62 

Phosphate  of  soda 
Nitrate  of  ammonia   . 
Diluted  nitric  acid     . 

.    9  parts 
.    6 
.    4 

From -f  6(r  to  ^  SI"" 

71 

bujpbate  of  soda  •    . 
Muriatic  acid    ... 

.    8  parU 
.    6 

From  +  &0<' to  0<> 

^           / 

Sulphate  of  soda   .    . 
Diluted  sulphuric  acid 

.    6  parts 

1    .    4 

From*+50*»to+3*» 

47 

N.  B.— If  the  materials  are  mixed  at  a  warmer  temperature,  than  that  ex- 
pressed in  the  Table,  the  effect  will  be  proportionabljr  greater  $  thus,  if  the  uiosl 
powerful  of  these  mixtures  l>e  made,  when  the  air  is4<85^,  it  will  sink  Uie 
thermometer  to  -{-'  2^« 
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2i,—Thble,  eonsisting  af  Frigorifie  Mixtures^  mmposed  cf 
lee,  uritk  Chemical  Salts  and  Jicids. 

Frigorifie  BfiitnrM  wKb  Ice.  


MIXTURES. 


Snow,  or  pounded  ice    .    S  perU 
Martate  of  loda    •     •    .     1 


Sdow,  or  poQoded  ice    •     6  parts 
Mariate  of  toda     •    •    •    S 
Mmiate  of  ammonia  .    •    1 


Snow,  or  pounded  ioe  ,  24  parts 

Muriate  of  loda     •    •  •  10 

Muriate  of  ammonia  •  •    6 

Nitrate  of  potawa      .  •    6 


Snow,  or  pounded  ice    .  IS  parts 
Moiiate  of  aoda    .    •    •    6 
Nitrate  of  ammonia  •    •    6 


8now  ••....•    3  parts 
Diluted  sulphuric  acid    .    t 


Snow .8  parts 

Muriatic  acid    ....    6 


Snow 

Diluted  nitric  acid 


7  parts 

4 


Snow 4  parts 

Muriate  of  lime    •     .    •    6 


Snow %  parU 

Crjtf.  muriate  of  lime    .    3 


Snow  • 
Potatsa 


'    •    '    '  V'. 


«    3  parts 
4 


ThermooMter 


S 

9 

c 

& 

a 

8 


to—  6< 


to— ly 


to  — 18* 


De^.  of  cold 
produced. 


^            to-t6» 

e 

From  +  3l«to— «3» 

66 

From  +  SS^to— f?** 

69 

From  +  9r>to— 30<> 

6t 

From+3r»to— 41^ 

7t 

From+3r>to—60» 

8t 

From+SS<»to  — 510 

83 

N.  B. — The  reason  foi'  the  omissions  in  the  last  column  of  this  Tahle,  is,  the 
thermometer  sinking  in  these  mixtures  to  the  degree  mentioned  in  the  preceding 
column,  and  nef  er  lower,  whatever  may  be  the  temperature  of  the  materials  at 
mixing. 


TokUi 

1/  lh%  Quaniiijf  of  Real  Poias»a  m  tsofsry  t§luiimt  •/  diftnmi  SptHiU 

• 

Oraviii^i.     • 

AlOOM  of  {Ml. 

waiw. 

PotaMAperoooUi 
byirwflrt. 

PoutMpwoi 
bymMraif 

If'*  BpedflecrsTity. 

CoiVMliiig 

^B      *1*                     •      - 

1  4-0 

lOO'     .     . 

240    .    . 

2,4     .     . 

unknown. 

unknown. 

k  1 

84     .    . 

185    .     . 

2,2    .     . 

1000*  .    • 

red  heat. 

-  t 

7M  .    . 

146    .    . 

2,0     •    . 

500O  .    . 

600* 

-  3 

63,6  *    . 

119    .    . 

1,88  •    • 

340*  .    • 

420* 

-  4 

66,8  .    . 

101    .    . 

1,78  .    . 

2S0«  .    . 

360« 

-  6 

61,3  •    . 

86    .    . 

1,68  .    • 

160*  .    . 

320« 

•    t    . 

-6 

46,7  .    . 

76    .  ., 

1,60  .    . 

100*  .    . 

290«' 

-7 

42,9  .    . 

66    .    . 

1,62  .    • 

70*  .    . 

276* 

-8 

39,6  .    • 

68    •    . 

1,47  .    . 

60'^  •    , 

266« 

-  9 

36,8  •     • 

63    .    . 

1,44  .    . 

40*  .    . 

265» 

1  4 

U  10 

34,4  .    . 

49    .    . 

1,42  .    , 

246^ 

1 

38,4  .    . 

46    .    . 

1,39  .    . 

240* 

S9,4.     . 

40    .    . 

1,36  .    . 

234» 

26,3  .    . 

35    . 

1,33  ,    . 

2S9» 

93,4  .    . 

30    .    . 

1,28  .    . 

224* 

19,6  .    . 

26    .    . 

1,23  .    • 

ft09 

16,2  .    . 

20    .    . 

1,19  .    . 

218* 

13,     .    .. 

15    •    . 

1,15  •    . 

216* 

9,6  .    . 

10    . 

1,11  .    . 

214^ 

4,7  .    . 

6    . 

1,06  .    . 

213* 
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If^gredimtM  of  the  prtneipal  varieties  of  PoUuh  of  Commerce. 


Potash. 

Sttiphate 

of 
potish. 

Moriate 
of 

potash. 

Imola- 

ble 
reaidue. 

Caihonic 

acid  and 

water. 

TUmL 

Potash  of  Rufsia     ;    .     . 

772 

65 

5 

56 

254 

1L5S 

^*           Amerioa  .     .     • 

857 

154 

20 

2 

119 

1152 

American  Pearl-a^h      .     . 

754 

80 

4 

6 

308 

115S 

Potaih  of  Trevef    .    •     . 

720 

165 

44 

24 

199 

1152 

«^            Dantxic   .    .    . 

603 

152 

14 

79 

304 

1I52 

"           Voigef     •    .    . 

444 

148 

510 

34 

304 

1440 

CoUmr  of  Prteipiialtt  thrown 


down  from  MetalUe  SohUione^  by  varwue 
Re'-agtmtt. 


Metals. 

Prusiiafet  or 
Perro-cyanatea. 

Tinetore  of  Galls 

W  ater  impregnat- 
ed with  Sutphu- 
reied  Hydrogen. 

Hydro- 
BolpJiarets. 

ADtiOMNIjr 

White 

A  white    oxide 
flMcely  fromdi 
lution. 

Omofs 

Oraoge 

Araenio 

White 

Little  change 

Yellow 

Yellow 

Bismuth 

White 

Uraoge 

Black 

Black 

Cadmium 

White 

No  change 

Orange   . 

Ofange 

Cerion 

White 

Yeilowieh 

Brown,  beeomiqg 
deepgreon 

Ohromiam 

Greeo 

Brown 

Greeo 

Cobalt 

GrasB-greeo 

Yeilowieh  white 

.Not  prectpitatad 

Black 

Columbium 

Olive 

Orange 

' 

Chocolate 

Copper  (per-iaits) 

Brifbt   cwldiah 
brown 

Brownish 

Black 

Black 

Gold 

White 

Selutinn     turned 
greon.    Precipi- 
tate brown  of  le- 
dnced  gold 

Yellow 

Yellow 

Iridium 

No     precipitoie. 
Colour  discharg- 
ed 

No    precipitate. 
Colour  or  solu* 
tiontdiscbarged 

L  1.  FroUHsalla 

Iron\ 

f  2.  Per-talts. 

White,  cbanginfr 
to  blue.    IJNM] 
blue             ^ 

No  precipitate. 
Black 

Kot  precipitated 

Black 

Lead 

White 

White 

black 

Black 

MaDganeee 

White 

No  precipitate 

Not  precipitated 

\v  hite 

Iferenry 

White,  chaaginf 
to  yellow 

Orange  yeUow 

Black 

Brownish  Uaek 

Molybdanum 

Bruwn 

Deep  brown 

Brown 

Nickel 

Appie-gieen 

GroyiRh  white 

Not  }H-ocipiuted 

Black 

Osmium 

Purple,   changing 
to  deep  vivid  blue 

Palladium 

OliTB.*     Deep 
oranget 

Dark  bruwn 

Dark  brawn 

PlatiDum 

Mo  precipiu :  but 
an  orange  colour- 
ed one  by  pruM. 
of  mercury 

Dark  green  be- 
coming paler 

Precipitated  in  a 
metallic  state 

Rhodium 

No  prtiCipitutn 

No  precipiuio 

Silrer 

White 

Yellowish  brown 

Black 

Black 

TeUnrium 

No  prwipttuUi 

YaUow 

BUckisb 

Tio 

White 

No  pruetpiiale 

Brown 

Black 

Titanium 

Reddish  bruwn 

Reddisli  brown 

Not  preeipitaied 

Gras»-^een 

Tuiii;st«n 

Uraaium 

Blood- led 

Cb'>c<.i»ite 

• 

Brownidi  yeUow 

Zine 

While 

No  precipitate 

YeUow                 ' 

White 

^  Cheneviz. 


t  Wallast»n. 
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Specific  gravity  of  Essential  and  Fat  Oils. 

OiJ  of  CionamoQ- Ii0439 

"   *»  Cloves 1,0363 

**   "  Lavender 0,8938 

Spirit  of  Tarpentine    .    '. 0,8697 

LiTi»eed  oil    .  ' 0,9403 

Poppj  oU 0,9288 

Oil  of  almonds 0,9170 

Olive  oil « 0,91S3 

Tke  following  estimate  qf  different  weights  will  be  frequently 

useful  in  the  laboratory. 

Pound  avoirdupoise 7000, 

Ounce        » 437,6 

Pound  trojr 6760, 

Ounce    ^^ 480, 

Gramme 16,4063 

Decigramme • •  1,6408 

Centigramme  .    .     • 0,1640 

Milligramme 0,0154* 

The  following  are  useful  estimates  and  comparisons  of 
certain  measures  both  linear  and  cubicj  with  the  weights 
cf  the  cubic  measures  added  in  grains  cf  distilled  water. 

M-|— ■ ■ ^ . ^     _^^^  _  ^^ 

Inehet. 

Yard 36, 

Metre 39,37079 

Deci-metre •    •    •    .    • 3,9.T708 

Centi-metre 0,39370 

MiUi-metre 0,03937 

The  seconds  pendolum  Tibrating  at  London  39,13929 

CnUe  Inches.  Gimins  of  distilled  water. 

Gallon 277,274  70000, 

Pint 34,65926 8750, 

Cubic  inch li  252,468 

Litre    . 61,02626 16406,312 

Oeci-ltfre 6,10252 1540,631 

CentMitre 0,61026  • 154,063 

Milli-litre 0,06102 16,406» 

Table  qf$olutians  which  may  be  used  in  baths  when  tempera- 

tures  above  212^  are  required. 

Bitartnteof  Potaseaboilsat  . 214* 

Alum •••.•••...•.•..  2f0 

Borax •    • 222 

Common  Sak    •    • •  224 

Nitre ••.. 238 

Roohelle  Salt 240* 

*  Faraday's  CSbsi.  Jlfoi^. 


GENERAL  INDEX. 


A. 


Jifi^€  of  alamma,  550 

annBonit,  547 

baryta,  547 

copper,  648 

iroo,547 

lead,  548 

li«e,  647 

nercary,  548 

potasM,  547 

^oinia,  527 

iUver,  549,  (o.) 

■oda,647 

tin.  548 

nDC9  548 
JUtiU  acid,  645 

modes  of  obtaming,  548 
analjtit  of,  547 
properties  of,  546 
ether»  550 
Jittiwu  fermeDtation,  545 
Acidity^  oijgen  not  estentia]  to,  99 
Add^  mariatic,  foroiation  of,  128 
•dtidSf  lonie  produced  bj  b jdrogen, 

and  by  cUorine,  99 
terminology  of,  83 
law  respecting  tbeir  saturation 

by  bases,  22 
metallic,  247 
metals  oxidiied  by,  247 
natire   regetable,  ennmemt^, 

509 
acetic,  545 
ambreic,  572 
antimonic,  388 
antimonious,  368 
arsenic,  390 
arsenious,  388 
benzoic,  520 
boletic,  521 
boracic,  227 
bromic,  109 
carbasotic,  487 
oampborie,  498 
carbonic,  194 
carbosalpbnriCy  225 
easeic,  557 
cetic,  672 
chloric,  106 
cbloriodic,  114 
cblofo-cyanic,  217 
chloro-carbonic,  207 
chromic,  401 — 587 
citric,  516 
colnmbic,  407 
cyanic,  228 


Jieiit^  ellagic,  522 

ferro-cyaaic,  222 
ferruretted  chyasic,  223 
tfnoboric,  2S8 
tftto-silicic,  583 
formic,  561 
liilminic,  221,  434 
fungio,  521 
gallic  518 
hydriodic,  135 
hydro-bromic»  134 
bydro-chloric    See  JlficrMtft^^ 
hydro*cyanic,  219 
bydro-flooric,  293 
bydro-selenic,  237 
hydro-tbionic,  176 
hydro-xantbic,  225 
hypo-ni^os,  142 
hypo-pbospborons,  186 
hypo-sniphnric,  174 
hypo-sttlpbuffoos,  174 
igasoric,  505 
iodic,  112 
iodo  flnoric,  582 
iodous,  U3— 581 
kinic,  522  ' 

laocio,  500 
lactic,  558 
lampic,  543 
malic,  517 
manganeseons,  324 
maoganesic,  324 
margaritic,  572 
meconic,  503 
mellitic,  509 
metallic,  247 
molybdic,  398 
molybdoos,  399 
moroxylic,  521 
muriatic,  128 
nitric,  144 
Bitro>mnria(io,  149 
nitro^nlpbnric,  430,  (n.) 
nitrous,  143 
oleic,  572 
oxalic,  512 
ozyeyanic,  220 
oxymnriatic    See  Chiorimgf 
pectic2  522 
perchloric,  107 
per  nitrons,  142 
phosphoric,  185 
phosphorous,  185 
prossic,  219 
purpuric,  663 
pyrol^eous,  646 
pyromucottS|  470 


Imhx* 


Ml 


saccholaotlcii  558 
•elenic,  236r       -.  , 
■elenioQif  235  ■ 
•ilicic,  til 
Bilici  fluoric^  33S  ■    ; . 
iolanic,  506    -  • 

K>rbic.    See  ndiidi  lAWc. 
stannic,  347       -^    - 

succinic,  509 

Bolpbo-cyanic  221   ' 

salpfaO'iiaphllialiG»  fi07 

tulpho  vipiG^  542 

sulphuric,  t68-f-6ti3 

sulphurous,  t6h 

siripharetted  cbjazie,  121 

sulpbocjanic,  221 

tartaric,  509 

telluric,  3^6 

tongsfic,  404' 

uric,  566 

zamic,  522 
Jteiifiy  iolwaileal^  ph«»ajiMna  MiBoa- 

paDjring,  13      ' 
Adipoart^  552 

Aerifmnm^^bitdmi*    See  Om s«. 

expansion  of,  29 
4,#nil^cketueeL .  See  Chtmieal  Af- 
>i«B|r. 

of  aggtegatiQav  % 
ekotire,  17 
cemplex,  la 
simple,  table  of,  17 
a^tr,  atmospheric,  167 
properties  of,  16S 
coonpositioa  df,  167— -MS 
pomp,  156 
thermo«ieter»  38» 
compre»sioR  o/^  etfelFOS  heat,  36 
AVbiumoi^  properties  o»,  5ft9 
Tegelable«  477 
altered  kj  IttaA,  S64 
geWaiMsv, «  test  of,  554 
AlnihA\  convetsion  ef  sogar  into,  536 
freesittf  of,  687; 
preparition  of,  537 
an  edttct,  596 
properties  of,  638 
mixture  of  water  with,  697 
conibustion  of,  538 
substances  soluble  in,  638 
an&lysis  of,  689 
action  of  ecids  oa,  696 
modes  of  esoertaining  its  pari- 

tj,6S7 
of  sulphsr,  226 
AlfPStoiiQf^  powder,  368 
A^SkaH^  volatile.    See  .^eameiile. 
AUkaJLiUy  natire  yegetable,  64^1 
wflUoyr,  263 

apt  to  sepante  when  io  fasioo, 
253 


'I  I 


qnalitiee  of  tiM  avtali  altered  AnmitHy  584 


AUmonit^  590  .v,  .  • , :   .  v. 

AVhein^  524  ..,•.•  i       \ . 

ALum^  320  ■  •     ^'  »> 

component  pafte'^oft  921  ^^    '^ 
Alumina^  decoaipositioa^eC  .616    •'  \ 
'    '^  .  jtnq  melbdd'or  otiteiniug,  319 
its  properties;  dl6 
equivaleftf  of.  326 
V  .  Tv    itfiphsctd  of,  62^:1 
' '  J  fiBilrete  of;f866/  ' 
murftate  pfy  320  . 
•  s^eCate  of,  550  >r 
Aluminum.  3 1 9—684     ' 

OratJoridie.^^  68^ 
•^  sulpkofviof,  6|i6 
dlh^r  compoaiids  of,  587 
•AnuK^gvlirUj  4S21    .dee  Utfccciiry. 
•binder,  500' 

acid  <eO    See  iSnceinie  Acid, 
Ambergrii^  572* :  ' 
JJiiimtiMlt,  pr^psratfovand  qualities  9L 

1)61^^3  : 

.     '  '        i.pMd4^  gmvitorof,  152 

maj  be  inBeeted  when  mlx- 

.'ed  wittt'«>xyfen,  152 
action  of  ehloMne  on,  154 
chlorate  ofv  154 
Atkilyih  ef,  163 
'    rapidljand'laTlifelyabaetIM 
by  water,  152    ^     ui-l. 
salts  with  base  oA  t64'  <  ^' 
inflammatioo  of,  168  <>->\  }  * 
>    wuter  of,  152' 
ur«ite  of,  567  *      -^ 
earbonate  of^iSOl 
bi-carbonate  of,  202 
aeftqui-oasboimte  of,  202 
sulphate  of,  176 
hydrochlorit»o&    SeeM^ 

^  %dr<uiolphttret  of,  176    ^'• 
h^driodate  of^  166, <n.)   W 
•    Bitrate  of,  156 
ibciriHte  of,  164 
soletioo  of  copper  in,  356 
oxalate  of,  513 
acetate  of,  647 
phosphate  of,  167 
dtfmmenuico-magiiesiaD  phosphate,  664 
AmyUnt,,  475 
Analy$u^  term  defined,  26 

nltimate    ef    organio     sob- 

stancep,  466 
afiparatos  for,  467 
of  earths  and  stboes,  451 
minerals  in  general,  450 
mineral  waters,  466,  ftc. 
Anhydrotu^  term  defined,  113,  (n.) 
Animaly  functions,  676 

jelly.    See  Gtteltfu,  568 
oil,  571 

substances,  550 
proximate  principles  of,  651 


in.  263 


76 


6M 


IfUhk. 


Jintim9niatti^  366 
m^nUmoniac  acid,  368 
•itfn/tmoniou#  acid,  366 

AnUmtm^^  366  .     .         .  ; 

.     .      iiiod6orobtaiaiiigpi»tt,366 
olScle«;of^  367  -) 
•cidiiablei  369 
igaiitdy  dtftofifitM  with  the 

▼fe|ioQr  of  wmtMT^  367 
chloride  of«  368 
iodide  (<  369^  <a.) 
•alts  of,  36^ 
phos|rfiateof,'370 
<  ]>roto»Mi»  oC,  367 
peroiade  oC|  368 
goklen  ittlphttf  ol^  890  ^ 
Milpbate  of,  370 ' 
«  ^^        enlphuret  ofv360 
glaiflof,  369 
^lo    '•  m94t  of  MoerttNMBf  lU 

puritj«  366 
. . '  b5df««tttlpliiH'«tted  oiide  of, 


Almotphtric  tir»  ooiiUte»eMli0fti6  toM, 

Alonu^  theory  of,  t4 

siniple,  3 

compooDd,  3 

compontnt,  3 

elementary,  S 

cfgftnio,  lU 

figure  of,  8 

ultimate  of  bodies,  weight  o(  M 
Jiiropiay  628 
tlHiraeiion^  2 

he(efO|^eoii%  4 
resuUa  of,  4  '* 

•Aunim  mtmoum,  348 
Ajsotte  Gat,    See  AidrageM, 
•Jura/«,  439  > 


B. 


368 

photphvrtt  of,  370 
.ellojeof,  371 
Mtaljr»it  oC  37f ,  (n«) 
tarfarised,  611  . 
AikH^^vi ohtaitied  front* ^61 
Jipotepedine^  666 
JlapttHtgin^  480 
Jifparatut^  ehemical,  vii,  8S,  108 

WoulfeH,  103^  168  (n.) 
jiguafortu^  149 

.-  mode  of  asoertainiog  the 
.    poritj  of,  149 
'    «        BteJmricAQid,li9 
regia^  149 
«Mor,  DiaDaB«-431 
Jirchil,  534 

Jirgiftiinfi  flowen  of  antiniODy,  368 
Arrow  root«  476 
ArstniCj  mode  of  obtaining,  387 
properties  of»  38& 
tinges  copper  white,  390 
properties  of  white  oxide  of, 

388 
chloride  of,  392 
sulphuretf  of,  394 
separation  of,  396 


JBMwinU  phoqibenuf  296««-61 

Balloom,  1 17 

Balsams^  499 

BarUla.    See^Nte,  C^rbmatf/, 

Barium^  301 

deatoxide^  ose  af  Hi «] 

ing  water,  303 
chloride  of,  303 
Baronutery  rules  for  rednciai;  gases  to 

a  mean  height  of,  91 
Barylay  hydrate  o^  301 

hyposulphite  of,  306 

ferrocyanate  of,  306 

carl>onate  o(  306 

sulphate  of,  306 

method  of  proouriag  pore,  306 

seleniate  o^  308 

iodale  of,  904 

arteniate  of,  3IM 

nitrate  oi,  305 

properliee  of  ealte  of,  308 

phosphate  oi^  367 

chlorate  of,  304 

acetate  of,  547 

test  of  cerhonie 
JBom,  in  dyeing,  491 
JSoMn'n,  480 
Bellnutal^  369 


301 


method  of  discovering,  396 

compound  of  hydrogen  with,  Benwoaits^  621 

393  BenJnie  acid,  521^ 

acid,  mode  of  obtaining,  390   £«-car6efuii*  of  potama,  273 


properties  of,  390 

iodide  of,  393 

alloy*,  396 
Araeniattty  390 
Arsenious  acid,  386 
Artcnvreiitd  hydrogen  gas,  393 
AtpUaliumy  608 
Aitnoapherie  air,  167 

weight  of,  168 
coupositio|i  o(  163 


of  soda,  284 
of  ammonia,  201 
Bi-earbwrtted  hydrogen.    See  OldUmi 

Oaa. 
Bi-tulphaU  of  potassa,  260 
Bi'iarirait  of  potaasa,  610 
BiUj  resin  of,  659 

calonli  of,  669 
BitmtUhy  prooertiet  of,  972 
oxide  Ol^  373 


Indea^ 


609 


chloride  of,  373 
sulpburet  of,  374 
aMota  oi^.374 

its  fumoi  destroy  iho  dnctilU 
t/  of  9oJd«  376 
Bi-t^KuTtt  of  oarboD*  223 
BtlKinetit  elaalio»  508 
JBi/umcfW,  506 
^facA  dje,  485 
Black'Jlux^  888 
BUuk^ead^  298 
JBkodttfi^,  100 

BUodf  chauge  of  colour  in^  57f 
coagulation  of,  553 
MaljtU  of  tlio  ■orum,  653 
cfaMameDlajB  of,  553 
fibrin  of,  564 
ted  globules  oC,  666 
its  colour  oiring  to  iron,  556 
e&ots  of  ffospiiation  on,  579 
jB/ow-jnpe,  use  of  in  exaaiining  mine- 
rals,450 
12Q 

with  oxygon  and  hydrogen, 
120 

JNMf  prui9um9  336 

natite,  33& 
foOMff  poitttt  46 

of  Mercury,  46 
JMs<se  acid,  621 
Bologna  phosphorus,  305 
.Seme,  673 

distiUution  of,  576 
Borutu  Mid,  node  of  obtaining,  227 
natite,  iM8 

compound  of  doorio  wilh|  228 
Morale  of  soda,  286 


Bofotij  227 

J8syle*#  fnninf  lia«or,  179 

JSratn,  analyrifof  the,  673 

JSroM,  368 

BnuU  wood,  as  a  dye,  527 

Brituh  gnoi,  476 

Bfmmno^  107 

sourcee  of,  108 
action  on  metiils,  108 
of  electricity  on,  108 
and  omen,  109 
and  chlorine,  109 

Br9mU  acid,  100 

•   nitro^hydro,  134 

BroMi,369 

Bro9koU  blow-pipe,  120 

Brtiaa,505 

BtU/er,  556 

BfimtwUk  green,  366 


C. 


CtAbagOy  tinotufo  of,  12,  (a.) 
CVetfie,631 


Gi^mosir  ipar,  999 
Cadmium,  349 
Catoflfitne,  344 
Calctttm,289 

chloride  of,  291 
iuate  of,  292 
CoiCTi/t,  urinary,  561 
biliary,  659 
CaUeO'printingy  491 
Caiomel^  414 
Caloric^  general  observationa  on,  27- 

sensations  of  heat  and  cold,  27 
definitions  of,  27 
repulsire,  27 
expand^  bodies,  28 
conducting   power   of  bodies 

for,  40 
Runford^s  experiments,  4A 
combined,  44 

absorbed  ia  liquefaction,  43 
giFen   out   by  increaiing  the 

density  of  bodies,  31 
capacity  for,  36 
reflection  of,  36- 
absorption  of,  39 
conductors  of,  40 
the  cauf  e  of  liquidity,  43 
given   out  by  liquids  on  be-. 

coming  solid,  46 
erolved  dnriiig  the  separatioti 
of  a  salt  from  its  solalion,  45 
the  cause  of  vapour,  46 
absorbed  in  evaporation,  48 
evolved  during  the  condensa* 

tiou  of  vapour,  46 
evolved    from   gases    by  me- 
chanical pressure,  47 
absorbed  during  solution,  41 
cbafcoal,    a   very    slow  oon^ 

ductorof,  192 
expansion  of  air  by^  29 

liquids  by,  29 
water  by,  29 
solids  by,  28 
specific,  34 
latent,  44 

apparatus  for   showing 
the    most    important 
facts  respecting,  45 
radiant,  36 
specific,  35 
Co/on'mo/or,  Hare's,  78 
VampkoTt  497 

acidification  of,  498 
artificial,  498 
47aeii/rAo«ic,  478 

mineral^  508 
Capacity  for  caloric,  35 
Carbaaaiie  acid,  487 
Carboiotic  acid,  how  obtained,  487 

proptrties,  488 
Carbon^  191 

and  oxygen,  194 
combustion  of,  194 


eo4 


IndiBas^ 


Carbon^  eompoiind#«itli.'oliMaetiiOft  CertK,  49t 


foaion  of,  193 
and  hjdro|^n, 
hjdriodide  of,  210^.    . 
per-cMoriiia  itf  905 
■ub-cbloride  of,  906 
•ulpharet  of,  293 
decompotition  off  994 
and  nitrogMii  915 
pboipboret  of,  998 
CarbofkaHf  of  anoKMia,  701 
baryta,  301 
copper,  368* 
iron,  336  -  • 
lead,  365 
lime,  990 
magnesia,  3li 
potatia,  970 
■oda,984 
ttroQtia,  311 
CSv6tfMc  aoid,  194 

oomposition  of, 


196 


CftrMMs384 

bow  prbevwd,  3M 
osidw  oi;  384 
action  ol  aoidi  on,  386 
489 

Cenue.    See  WhiU  L^mi,  9U 
Ceiie  acid,  679 
Cetiru^  679 

Chain  of  oapa,  galtanio^  70 
CAatt,989 

Chameleon  mineral,  394 
Chartodi^  199 

bow  eblaiiied,  199 
4|naiititiea  aibided  ^  dilRw- 

ent  kinds  of  wood,  192 
its  propertiei,  199 
imMbition  of  ga»es  by,  193 
notioD  of  falvani»m,  193 
bow    pre^red    for   makiof 
funpewdeTf  199 
€%<«M,666 


Bietbod  of  proooring,  197  Chemical  laboratofy,  ▼!!• 


attfa^tttm,  19 

bow  exerted,  19 
experimental 

tions  of,  13,  14,  16 
of  cempCMiDdi  tfaev^ 

•alt  of  tbe  affinitiea 

of  tbeir 

9t 
does  not  fbke 

atapjw^ptibre 

tmMe^H 
eqoiralentt,  9t 


^analytia  of,  198 
properties  of,  198 
generated     in     several 
cases  of  oombnition, 
199 
tatti  of,  198 
liqnefaotion  o(^  900 
gaS|  qnantitj  of,  abaoib- 
ed'bj  water,  197 
weigbt  of,  196 
ita  effects  on  vege* 
tation,  199 
its     combination     witb  Cketmitify  deikMd,  1 
cblorine,  906  foundationa  of,  9 

Corftonse  nxide,  803  classification  of  ibe 

composition  of,  904  of,  9 

Carhurel^  916  nom^noiatnreofi  89 

of  iron,  336  Chhraie  of  ammonia,  164 

oT  nitrogen,  916  baryta,  304 

Carbuntiai  bydrogen,  908  fiose,  999 

analysis   of  mix*  potassa,  SM 

tures  of,  914  soda,  981 

Tarietiea  of,  208  sthMitia,  309 

metbods  of   pro-  Chloric  etber,  910 
.      curing,  908,209  ack),  106 

combostion      of,  propwrtiM  of,  106 

900  CTOeruIe  of  niCrogM,  Y50 

•pecifio    graTitj, 

909 
action  of  oUorino 
on4  909 
Carmine^  490 


carbon^  906 


Cattiut^  purple  powder  of,  347 

Coisara^  476 

Catechu^  483 

Caustic^  lunar,  430 

Cawk^  906 

CemetUation^  338 

Certuifit  497 

Cf  rcfrrol  substance,  673 


pboeplHMlS)  188 
arsenic,  399 
sodlnm,900 
of  silver,  498 
lead,  362 
'    lime,  991 
of  snlpbnr,  176 
ChUridte^  103 
ChlttritUy  100 

eflbcts  of  ligbt  on,  106 
bow  formed,  100 
ittf  propertiea,  100 


605 


Ckkruu^ 


int*  •  liqMd,  101  €tkmv$,miMf^  S 


proUMv  of,  108 
peroxide' of)  Mft 

nalttre  oC^  100 

abd  kyidroyra  gMCf, 

«f  iHfbtQB,  U» 
explosion  of,  104 
pure,  oondeiMiNlioi»A4H|BMh| 

iOl 


(See  Cofccnee  •^jfinity,)  3 
Ce4;«,  193 

C»(rf,  artificial  metlMdisf  fMdiM9ai|;,  44 

pr«kUloHl  ^  rei«Aioti0B  of  air,  31 

tablet  of  mixtiirea  ler,  44 

Cohuring  matter,  484  > 

CDJetirt  cbanged  bjcbemiokl  actibn,*^ 

vegetable,  defllti^eld   bj  ebAo^ 

fine  gat,  100 
tnbstantive  and  ai|lK3ftif»,4i4' 
o»yigi>,  103    CohanHuw^AM 
nitrogen,  14S  theaave  atiantalam,  407 

li|idra9eB,i28  bew  abtained  from  tanta- 

I,  l«4  lite;  407 

847  Combimaimi^  lava  of,  10 

luiion  witb  cjanogen,  S17      Combuttivt^  98 

carbon     and    itt  in  ov^gen  git.  06 

«tai|ianBdt,  205  increatet    the    weigfat    of 

•filpb«ivl76  bodieo,08 

tin^  340  in  atmonpheric  air,  159 

pbotpbonit,  188    Cemjioiituff,  tbeir  chemical  action  the 
action   af  iodine  retalt  of  the  affinities  of 

M,  114  tbeir  parts,  21    # 

itaaotMin>on  gold,  Condtic/or«  of  chloric,  40 


439 

oaHMfff  353 
€Mmo^eSf  114 
CMor«odtc  acid,  114 

CkoUsieritu^  668 
C^romi«m,400 
Ci^remola  of  Itad,  403 

€!hrmiu  jeHow,  408 
Chramic  aoid,>401 
Cmc^onto,  8S5 
VH^  878 
C9hfMa,M8 
Oifiiificfrmr,  428 

nanafaotim  ot^  42^ 
natiet,  4tl 
Cttii^  892 
aiuUes^  517 

€Hirie  acid,'pf«Bawibff  obtaining,  516 
properties  of,  618 
*Wf«t^618 
Ctynus^^  aUre,  286 
C^oi,  506 

▼arieties  o|l  'SCO 
C^al^  %MM  fro^^  til 
4MI  «i*aw,  flre'dbmp-of,  212 
Cob^Uj  Melbad  of  ^obtaining,  375 

cafbonateei;-3n8  > 

properties  af,-8ttl 

oxidea  ^  3116  a 

obloride  of,  378 

Bitrate  of,  317 

aalu  of,  379 

allojs  of,  379 


^eeeiiiitt  indicns,  pcanliar  prineiple  of,  CryWol/icoiion,  6 


Congelaium^  artificial^  44 

Voe&i^,  rate  of,  Taried '  by  difiefeact 

of  fttrface,  39 
Copper^  method  of  porifying,  352 

oKktet  of,  388 

chlorides  of^  353 

persulpbato  of,  357 

nitrate  of,  355 

plates,  preaenration  of,  360 

pbotpbate  of,  357 

borate  of,  368  «^ 

sob«s«]pfaate  of,  357 

sulphate  of,  360 

earbonste  of,  358 

hjdrafed  peroxide,  of^  965 

peMnvriate  «f,  464 

proto-muriate  oC^  964 

action  of  ablet  ins  e»,  363      V 

aoetate  ofv640   . 

snlphuret  of,  866 

pbotpboret  af,  367,  (n.)  * 

combination  of  tMBmoaia  wilB, 
360 

ferro-cjanaite'of,  8S8«> 

arteniate  of,  391 

reduction  of,  356    <  ■ 

alloys  of,  350 
CorydaZtfi,  508 
Cork  and  itt  acid,  482 
Corroiive  inblimate,  415 
C0//011,  482 
Cream  of  mflk,  88^ 

of  tartar,  510 
Cfecti*  metalloriitii,  3W' 
Cryophprtu^  52 


O 


.1 


506 

CocUheoI,  490 
Ci#ce,  631 


oondttimis  for,  7 
water  of,  7  • 
hoir  proflioled,  7 


606 


JMied^ 


oobbAhmi  of  wftlMfaMi^  EUthitiip^  efaeMiey  agieiiciti  of,  69 


ktrf ,  13 
BrygUiifi  wtamaiMm  o^  6 

largo,  bow  ohiiino*i|  8 
CyjieltaliMS  496 
Ctfni,556 
Cu/telr,  668 
CfftmU  ockl,  tt6 
Cyonidu^  217 

4l«M|fMi|  tl6 

how  obUiDod,  SI 8 
itt  piopofftio%  S16 
anolyBia  of,  816 
and  bromiao^  318 
and  obloriaOf  817 
and  iodine,  818 
and  hydrogoo,  819 

Cyanunit^  til 

CyWtc  o&ido,  667 


D. 


thfiorj  of,  64 
JEtocffo  WMyxtitm,  71 
XUctfo-nefaim  bodiet*  8S 
£Uctn^nii9e  bodioa,  106 
mmunU^  oheaioal,  deiood,  S« 

now  f ystoM  of,  18 
Ewuim^  481 


Epsom  Mlt.   See  MagneH^  ivlpfaato  oC 
jSjuiffOmit^  cbooiioal*.  dofiacd,  28 

■calo  of,  88 
£ff><iKt«I  ojifl,  485 
ElKer^  oflboto  of  oalotio  ob»  641 

iolatioii  of  pbo*phonia  id,  541 
gold  IB,  641 
platioam  in^  641 
■wtiioda  of  prepariog,  643 
puhioatioa  of,  648 
aaalTM  of,  648 
aoolSo,  650 
oUorio,  810 
bjdriodic,  644 


nisnatio,  644 

JDol^tfM,  586  Ditrio,  648 

HoiTofi,  Mr   hit   ojitoni  of  oboaiotl  salphiiriG,  588 

elemeDli,  18  Eihiopt  martial,  388 

DaniiWi  esporioieiita,  1 1  Euehlorine^  103 

Dteompotiiimi^  affooted  by  galraniaiBi  Eudwrnttsr^  BertboUol*t,  168 


73,74 
noifilo,  18 
Deliquisunu^  7 
DtJUigraior^  78 

Davy^t  theory  of  ohloriae,  163 
DtlphuLy  506 

DfxidiMing  imya  of  light*  69 
DetoruUing  powders,  ^3,  867 
Z>ew,  53 
JDiamofMl,  pure  oarbon,  191 

ooAbiMtioB  of  tho,  194 
Diabeiic  oriBo,  666 
JDifftrtfUM  thonaoaMten,  34 
J}ige*iion^  MOiolioQa   tabaecTiont   t0| 

678 
DUataiiun.    8oo  Esprnmafu 
DipptPt  oiU  661 
DuiiUaiim^  136 
DueHU  oiotali,  844 
Dutch  gold,  319 
Dyings  art  of«  484 


Soheela,  161 

Dttboreinor'ai  16C 

Hopo>a,  181 

Popyi%  168 

DovyS  188 

Volta'i,  180 

Ui«>«,  16Qi  (tt.) 
EmUmntier^  with  nitrio  ouda  gaa,  163 

lolatioD  of  BitNMa  caa  anrf 
ifoB,138 
fWioMdry,  168 
Evapormimg  ToaBlib  81 
Eu^^onUun  oocasioood  by  8aiQiM^  61 

defined, 6 


Expamionffi 

of  loUda  by  hoat^  38 
Kqnida  by  do.  18 
gaaea  by  do.  38 


ietala,3a 


JEarl^,  BMam  of  aoiwialiAif  451 
EjfloreseefUi^  7 
Kggy  jolk  of,  678      . 

Elaine^  493  « 

EUutic  gnoi.    See  CoHitchoue^  478 
JEtetfics/y,  inoroaaed  by  caloric,  30 
ofAetal*,845 


iawiof,  M 
of  Atronry,  413 
Extra€i  TegetaUt,  488^ 
JCyCy  huaMim  of  tto,  561 


F. 


Fmrina,    See  Starch, 
Fai  of  aaimak^  671 
Feo/Aert,  671 


Ifukdf. 


m« 


i^WmMAidefif  vibMiif  M 


•  .'If . ' 


Ferr9qfasuU9  of  fMwaS,  275 

■    ^  4ls   «•#  •  at  A 

Ferrureted  ohyaao  add,  223 
F#6re,  vroodj^  481 
Filniny  of  the  bloo4K  654 
Finery  ciuder,  328 
Fire-damp  of  ooal  miiMt,  212 
Ftreuferke  withoul.Miiri^#f  wiihii  U« 
#Vt*f  foalct  of,  514      •  \ 

retpiratioD  ofy-539    • 
FixU  oils,  492 
«tni#,23|.   .»s  .     '     .  . 

Ijqoor  of,  231 
fUwere  of  salplMir,  1^      •*  t 

Fluaie  of  ammonia,  115  .  . 

Fhiorie  acid,  mode  of  ^tainii^,  115 
filicated,  232      •  u. 

hjrdro-fli|orio,.'  01   liquid, 

293  ■    -r  V«.'A 
conpoond  of  becaxjifilli, 

294  ..$'... 
,;i)fl$o«»poMd,  by-  poUmri- 

001,2^ 
iTuoruu,  11 5j 
Flux^  blaok,  388,  (o*) 
^•rtrttc  acid,  581     . 
FreeMwng  uniuntB^  44 

appaaitus,  45  . 
in  vacao«  Leslie^  method,  51 
Froei-bearety  52 
FuimnuUing  gold,  440 

AercQry,4]9 
plalinuoi,  448      . 
powder,  ftSi 
ailver,  433 
Jr'iiimng'1iqtt»r,  Bojk^i,  179 

Libavias'e,  34? 
FunginjB^ 
^Won,  crystals  Ibrmed  bj«  8 

watery,  7 
Fttfi6(e  metal,  245     . 
Fusible  caloiiU,  567 
J?W(»;,  490 


appwiiitmb'70".     »     t 
Cf«lMiw#ii»,  88  i 

'      anitelBaiit  of,  §8     ^ 

iU  '•imOeritt  18  olwliialHi 

88  ■    .   ^ 

theory  of  thaabangoe'  pM^ 

educed  by,  89 

GofM,  ezpamiontof  by  beet,*  29        '«) 

condeoaible.  bjH   preitara    iolo 

.liqtide^0i     . 
apparatoi  fm  a»piiimu»t»  aiy 
83  .('-'•., 

r      )  m8lhK>di^  W»t8biagv9l  > 

trenOofftiafi^  88»  89, 
•  1^    80 
iira.oollbeir  lataat  beat  by 

.-qompieMioD,  38 
teDdem^  to  become  tboroogfalj 

mixed,  119  '    > 

abiaiptio*  o^  by  ofaMaoal^^Ot* 
general  law  of  Umlr  mmh  b# 
«=  yojboMi  92  .  iM^'  /  tV^ 

rulea^^for  milaoiiig  to  a  mean 
preuure  and  timpciatw%<% 


.Ml.  • 


93 


O. 


Galena,  883 

OiMate  of  iron,  519 

Oallie  acid,  meibodt  of  obtainhi|^  SIB 

oompotition  of,  519 

properties  of,  519 
tro/lf,  tmctare  of,  ai  a  test,  519 

yield  tan,  483 
tOatt  tfoiUf,  559 

a  pigment,  559 
OtUvmnie   arrangementf,    constradion 

of,  70 
-  battery,  flvf\  7f 


tend  to  mi^  togatboi^  Ha  > 

liqaefefltpoQ  oi^  94    ■' 
Oas'hoUier,  B6  ;    _       ,    ,.«  „l 
Got,  ammoniacalv  162  •• 

arwnuretted  ^fdroge»|:398 
V.  pzol^o.of  njlAogen,  138  ...  . 
bi-carboretted  ^ydrogeny  209 
bi-carburel  of  h|idrog«»,.2^5 
carboiiio  aoid,  198  .    !•..'« 
carbonic  oxide,  903  •  > 
carburetted  hydrogen,  208 
carburet  of  mtiogeiH  21^  . 
ooal,  211  .         .  t  .  J  • 

chlorine,  100 
encblorine,  10$ 
iluoboric  acid,  220 
bydriodio  acid,  135 
hydro-pbofpbenc,  191 
hydrogen,  118 
hydro  xiaoic,  340,  (n.) 
muriatic  acid,  128* 
nitric  oxide,  140 
nitrogen,  137 
BitroQSj  142 
nitrous  acid,  143 
nitrous  oxide,  139 

it«  parity  how  «M 
oertained,  139 
oil,  211 
defiant,  209 
oxygen,  96 
oxy muriatic  acid.    See,  Chl»fw4 

gas. 
phosgene,  207 
phosphureted  hydrogen,  189 
potassiureted  hydrogen,  265 
prussic  acid,  219  ^ 

silioated  fi«erio^  232^ 


Mt 


MdeiL 


Oat^  Bttlphareted  hjtl6gik^  lift'   > 

•uperolefiautf  211 «  >t  .,^      <  j;  >.  m" 
tellurttiicd  k^idmffm^  387 

0<uirtc  j uice^  576        • . v 

Gelatin^  jpttiajptr^H  oi\  M8    '  ^    '  • 
•IP  tett  ofii  568  ■•.'•(    • 

deooiupoatlo*  «tf^  -568 

Glats^  how  made,  231        «  - 

d#tton|p<iiidv  hy  >  l#A»-daorio 


prepiOtiqli   <oCs  « 
£^ifffVi«f»«bliMr^pe,  121 


.H/ 
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(« 


to 


/Tmr^  aoaljiia  of,  5W    •'• 
Htai.    See  GiiMiie,  ■  •. 

animal,  580  ^   ^ 

Uble  of  /atent  heat,  4f' 


of  antimdi^,  369  BtimtUi^  490  .     «•  <  ^ 

V'    '  -  <    '        •         ttidtf«o#'«|certain- ffepari.    See  5M«^ifrtif#r'  ^        ' 

..-    -te^Hiiti    pnritjTy /Iam6ef9*«  pjr»pfim«,  SM- 

Wt    '^i  aedatJFe  nA<    See  Btffwlb 

of  borax,  227  J  •^'  »-.l  .to--' JtctdL 


.'" 


f» 


4n 


»•♦- 


•»'n'-    iteiM^'50*"^- 


G/tMtna,  method  ef  eMeniiif  it,  240     Hordein^  474 


•« 


'i»..i 


.'  • 


Ml  pni|i«ftlei»  240     •< 

»,^«0  J 

Olut^  569 

Oi«iefi,.tegttabks  496* 
Oo(tf,  malleabtllti' 4>r,  4SS 

dnctiiitj,  of,  438 

^loride  of,  4S0<    - 

enidft  of,  491^ 

rulmmatiiif^  coMpottSd  ef>~440 
'  t^fival  of, '441 

l^redtfiittfftte  of,  441 

•olution  of,  Id  «tber|'442 

soiventa  of,  440 

e<Uaa  ef  U.  8. 443 

suiphuret  of,  449 

pbospburet  of,  442 

cquiTalent  of,  442 

ailoyi  of,  443 

fineoen  of,  444 


an-* 


'.«''' 

•  * 


i(*«> 

« 


HomUad^  962 

AwreJe^  maffe  tJbHT'libtMMd  Ifwi^ 

Humow9  of  the  eje,  661' 
Hydrait^  what,  IM'    •  >  ^  *  •    *»  "- 
of  chlorine,  101 
of  cobalt,  3TT 
of  copper,  359 
•"  •   '      driime,290 

of  magnesia,  312 
of  potassa,  201 
Hfdriodatet^  1% 
Hjfdriodie  acid,  f SS 
Hydro  bromic  acid,  134 

how  lobtaHied,  134 
analjBii,  13i 
HydrO'tklarie  add,  lin 


HydrO'cyanie  acid,  219 
ito  colour  deaCrojred  by  anenic  Hydrofluorit  acid,  293 
and  amtfamj,  444  Hydrogen,  an  acidifjSng  prkiciple,  99 

clde   ol 


imitations  of,  9i69 
its  dnotility  deslrejred  bj  beiof 
kept  in  fdsion  near  melted  bia- 
muth,  376 
analysis  of  alleys  ef,  444 
Oolden  sulphur  of  antimoBy»  37V 
Oravtl^  orina^,  566 
Oravitalion^  3 

^^rwtif •  tfwoific,   effect  of  chemical 

union  on,  15 
of  gases,  91 
wafer,  standard  of, 
126 
GsMJMifm,  499 
Gum,  469 

composition  of,  470 

British,  476 

elastic,  478 
Gtim-reniu,  500 
Gunpowder,  eonpoffHio^  of,  267 


deutoxide   or  perox! 

127 

compounds  with  caiboa,  t06 
does    not  support  oombus 

tion,  119 
explodes  with  oxygen,  118 
unity,  25,  126 
musical  tones  produced  by, 

119 
compouttdt  of  metab  with, 

249 
gas,  116 

method  of  procmriog,  1  If 
iti  proper6ei,  117 
caution  with  respect  i$ 

firing,  117 
weight  of,  117 
with  oxygen,  foiaM  wi- 

ter,  121.  lit 
explodes,  122 


index. 
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£|^pdriffA  gas,  beat  giiwb   Mrt  hy  Its 

comboftioft,  llf 
cMnbiiialioB  of  chlorine 

wilb,  118 
f«raii  an  aoM  gat  with 

iodine,  139 
loltttlon  ofxino  lb,  343 
anen  aisled,  903 
tfafbnreMd,  f08 
phoipliiimtedf  l$f 
pcftatiiaratad,  265 
lolphureted,  176 
Kqaefodtion  of,  176 
•ape^Ml]phureted,  170 
teboratad,  3&7 
lelefittHBted  237 
iulphnrfeted,  .compoandt 

of,  witfar  m^Cals*  176 

liqoid,      176. 

Hydrogunied  %vt\^Wi  180 
Hydrof/uUr^  535 
Hjfdn'nUric  acid,  134 
Hjfdfiuipkunc  acid,  178 
HydrO'Oxid€  of  cobalt,  377 

copper,  3&& 
Hffdf'fhQiphoric  gas,  191 
Hffdf'suiphurti  of  ammonia,  179 
Hydf-gunUed  iulphureii^  179 
Shfdr^^hitnU  acid,  176 
E^nxmUhic  acid*  216 
Hydn-tmeic,  343 
Ji^grenufer,  163 

Hyp§r-0xymMnait$.    See  CWeraf c#. 
Hypo^hMphBPmu  amd,  186 
Hyp9-nUpkUu^  174 

Hype*m{pA«im,  174 
H^pe-^tilrew  acid,  Ut 


I. 


fct,  125 

quantity  ef  ealorie  abtofbed  in  the 

Vqnefiiotion  of,  244 
thawing  Hs  temperature  unifonnljr 

the  tame,  44 
lighter  than  water,  42 
huh^  cubic,  of  water,  126 
iadvo,4d5 

analysis  of,  486 
mine  of  hew  found,  486 
htdigogtne^  487 
JnJb,  519 

sympathetic,  377 
Iniegral  molecttles,  10 
AmAi,  481 
/oda/e#,  113 

of  ammonia,  154 
/odtc  acid,  111—112 
UdUg  of  nitrogen,  151 
loduUt,  1 1 1 
Modine^  discovery  of,  110 

77 


Iodine^  properties  of^  1  rl 

forms  an  acid  gas  w2(b  bydro« 
Ken,  135 
MMe^  suTpboret  o^,  176 
phoephuret  of,  189 
forms  adds  wifb  oxygen.  111 
combines  ^ith  nitrogen,  tSl 
forms  acids  with  eiilofrihe,  114 
nature  of^  111 
sources  of^  T12 
starch  a  delicate  test  of,  f  12 
loduret  of  starch,  474 
/edetisackl,  119 

Ipecaeuanha^  emetic  principle  of,  523 
Iridium^  424 
/ron,  properties  of,  327 
oiides  of,  328 
action  of  water  on,  328 
chlorides,  331 
salts  of,  331 
bipertulphate  of,  tVT 
sulphate  of,  333 
nitrate  of,  332 
muriate  of,  331 
Oxalate  of,  515 
tanno-gallate  of,  519 
phosphate  of,  335 
acetate  of,  547 
protocarbonate  of,  336 
eolphuret  of,  333 
bi'sulphuret  of,  333 
combination  of  carbon  with»  335 
east,  or  emde,  337 
tinninr  of,  337 
test  o^  397 
istivlMs,  569 
hiria.    See  Tliria. 
/versf,  574 

method  of  eorering  wHh  silver, 
436 


J. 


Jetfy,  aDimal.    See  Oehtim. 
vegetable,  477-^568 


JTermef  mineral,  370 
JTsmc  acid,  522 
JToumifs,  558 

L. 

Labaniary^  portable,  4Si 

haeie  acid,  500 

Lactic  acid,  558 

Lakes^  how  obtained,  489 

Lamp^  safety,  t}% 

Lamp  blacky  192 

Lard^  571 

Latent  beat.    See  Calarte. 

Lead  J  molybdate  of,  360 

method  of  purifying,  360 


QIO 
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I^ad^  |Mrop«rtie»  of,  500  Lime^  water,  t9l 

osides  of,  36 1  LiqwfaeHon^  43 

chloride  of,  362  of  gw,  583 

pwification  of  gold  aad  ftilrerX«»9iM<i«,ezpfti>«ioa  ofuby  beat,  f9 

bj,  437—^4  manner  in  wbioh  thej  oondact 

danger  of  keeping  water  in,  360  beat,  41 


•utphate  of,  364 
nitrate  of,  363 
tub  nitrate  of,  363 
chromate  ot^  403 
carbonate  of,  365 
acetate  of,  648 

iti  uee  as  a  teat,  549 
bin-acetate  of,  549 
fulphite  of,  364 
alloys  of,  365     ^ 
arseniate  of,  392 
testa  of,  364 
phosphate  of,  365 
sulpburet  of,  363 
gum  mate,  470 
saccharate  of,  472 
amjlate  of,  476 
tannate  of,  4B3 


giTe   oot    beat  on  becoming 
solids,  45 
LUkui  or  LHhinOf  diaoovery  of,  286 

bow  obtained,  280 
dbtingoi»bed      frciaa 
other  alkalies,  288 
nnriate,  287 
phosphate,  288 
carbonate  of,  288 
nitrate  of,  287,  (n.) 
Bttlpbate  of^  288 
Liikium,  286 

chloride  of,  287 
IMmtu^  684 
Liver  of  antimony,  370 
Logomelrie  Msaie,  24->589 
Logwood,  528 
Luna  corDea,  429 


method  of  detectiog,  ui  wine,  Lunar  caustic,  430 
364  Lupulin^  529 

Leafgold^  438  Lymph^  560 

Ltaiher,  569 
Legumine,  481 

Lemons^  acid  of.    See  CUrU  jSeid, 
Liueint^  570 

Libaviui^  fuming  liqnor  of,  347 
£,1/6,  tupported  by  oxygen  ga»,  96 
LignmentSy  570 
Lip  hi  y  optical  and  chemical  efieots  of, 

54--58 
Lignin^  479 

starchy,  476 

borala  of,  300 

properties  of,  289 

hydrate  of,  290 

milk  or  cream  of,  290 

carbonate  of,  299 

sulphate  of,  296 

sulphite  of,  296 

sulphuret  of,  295 

chloride  of,  291 

subchloride  of,  292 

aswy  of,  292,  (o.) 

floate  of,  294 

hyposulphite,  296 

nitrate  of,  294 

muriate  of,  29t 

cold  produce'!  by,  292  Jliagnuium^  312 

oxjmurinte,    (»ub-chloride)    of,  JUogne/wm,  electro,  7 1 
292  J^alic  acid,  methods  of  obtaininf,  517 

chlorate  of,  291  properties  of,  517 

phosphate  of,  298  the  same  with  the  sorbtc 

pho^phiiret  of,  297  acid,  518 

tiinusthfe  of,  40-1  Ma1Uabfb\%  244 

oxalate  of,  613  MnUha^  507 

citrate  of,  517  Mailings  conrerts.staroli^into  sugar, 474' 

acetate  of,  5«I7  ^fai^<intity  method  of  oblairiing,  912   , 

fitme,  2C9  oxides  of,  322 


M. 


'Madier,  624 

lake  from,  489 
JUagiiterjf  of  bismuth,  373 
./tfagneMa,.3l2 

properties  of,  312 

hydrate  of,  312 

bare  of,  312 

carbonate  of,  316 

chloride,  312 

carbonate  ot^  and   Potassa, 

317 
ammonio- phosphate,  315 
sulphate    of,    and    Potassa, 

316,  (n.) 
•ulpbateof,  314 

mode  of  arcer- 
taininc  its  yvt- 
rity,  315 
sulphite  of,  314 
nitrate  of,  313 
oxalate  of,  513 
acetate  of,  547 
te^U  of  falls  of,  315 


'InJhac. 


^n 


r 

Jianganue^  aoiion  of  mtiria^  acid  on,  MtidU,  propairiion*of  oxygeii  n^eesiary 


925 
ealtf  of,  327 

oompoand  of  its  oxide  with 
potaiiRa    iprea    different 
co]8lrk-»  with  wateri  324 
tnlphata  of,  329 
Manganenatety  325 
jionna^  473 
Jtfardie,  289 
JUargarUie  Bokl,  623 

Matclus  for  proouring  initanUiieoas 

light;  263,  (n.)    ' 
Meehmncdl  diTision,  inflaence  of,  on 
affinity  or  tolation,  15 
prestarv.    See  Pre»ture» 
Jtfecontc  acid,  503 
JHeconiale  of  morphia,  504 

MolMsti,  471 
MtUU€,  508 
J(§elliiu  acid,  609 
Memhrane*^  668    '  ' 

Mereuria}  trou^,  Newman^s,  87 
Mtnury,  eongelatton  of,  44^412 


for  Iba  sbMtion  of,  245 

action'of  hydrogen,  249 

water,  249 

nitric  &cl0,  249 

of  iolp)iur,  250 

•ulphartlted    hy- 
^  '  drogen,  251 

'     dUorihe,247 
fodine,  248 
bromine  248 
,    .phoiphc^ifuii  262 
carbon^ '$52 
alloys  of,  263 

analp^HUf  963  '"^ ,  «, 

'      their  quaUllef  altWted  In  alloys, 
^3  ,, 

malleable,  244  "    *  '' 

tenaoHy  of  seTeral,  246 
JIfe/aiiu  acids;  247       . 
Meteoric  i^oties,-6ilU'oDtain  iron  alloy- 

'edwlhin5t4%el»4U 
Jifierocenmifi  saft^  564 
JlfUl^  deroriptioD  knd  properties  of,  666 
vinoUfi  ferinentatioa  of,  668 


Su|ar  ^T,  5£»d 
'  acid'  or,  527 


apparatos  for,  45 

combination  of,  with  potassi-JIftiyifrenaytpirfty  547 

um,  423  Mnurali^  general  directions  for  tlie  ex 

Its  specific  gravity  Increased  aminatipn  <;»f^  450 

by  congelation,  412  Mneral  pitch.  507 

Tolatiliiation  of,  412  Mineral  waters,  analysis  of,  457 


oxides  of,  413 

methods  of  ascer- 
taining the  parity 
of,  412- 

chlorides,  414 

sulphate  of,  421 

nitrate  of,  418 

aubpernitrate  of,  419 

per-nitrate  of,  418 

cyanide  of,  421 

fulminating,  419 

•ubmnriate  of,  411 

action  of  chlorine  on,  414 

alloys  of,  423 

sulpharets  of,  420 
MetaUt  their  comparatire  power  of  con- 

docting  heat,  40 
of  reflecting  heat,  243 


.*" 


examination  of»  by  re- 
agents, 466 
substances    ihfit  may 
be  expeoted  In,  at^ 
means  of  detecting^ 
457 
Dr  Marray^s  formnia 
for  the  analysia  of, 
464        . 
Jtftntum,  361 
JVoiccu/e,  integrant,  10 
MQlyhdait  of  potassa,  398 
of  lead,  360 
of  soda,  398 
MQlghdtnvm,  ore  of,  398 

mode  of  obtaining^  390 
properties  of,  398 
oxides  of,  398 


fused  and  ignited  by  electricity  Moljfbdic  acid,  mode  of  obtaining,  398 


and  galf  anism,  79 
enumeration  of,  241 
classification  of,  242 
general  properties  of,  243 
expansibility  of  by  heat,  28 
specific  grayities  of,  243 
order  in  which  they  reflect  light 


properties  of,  398 

JHoljfbdoui  acid,  399 

Mofdauntf  what,  484, 

MwoxyUc  acid,  521 

Morphia  or  Morphine^  502 

how  procured,  502 
its  properties,  502 


and  heat,  243  Mueilage^  470 

cofflparitive  tenacity  of,  246      Mueout  acid,  470 
chemical  properties  of,  243         Mueta,  560 
oxidation  of,  246  Mulberry  calculi,  567 

method  of  calculating  the  oxy-  MvUtipUtt  taw  of  combination  in  tim 

gen  acquired  by,  247  pie,  20 


ei;8 


V- 


baryta,  SSS 
bismuth,  373 
copper,  9!54 
iroD,  331 
leadi  365 

t  maipnesia,  313 

iDercurjk417 
|ioUsR9,2t8 
•flTer,  ^ 
l[oda,  8 1 
.    Mrontla,  309 
tin,  347 
itnc^  342 

rtire«. 
Mwiatit  acid,  s|rDUi^i^9  of,.  )^8 


tWWiife%»«fwlfiA4ll 

aliojed   witt)   iron  io   afl 
teorio  atoDei^  4U 

3}Br«/^  of  aoumofiTjls^ 
baf|tN$& 
bicmttOv  373 
cobalt,  ^7 
eopper,  355 
troD,  33f 
leadf  363 
lime,  S94 

n^Kqcy,  418 
P0taasa.26$  ' 
.  iiWr,  431 
.«ada,  $ai^ 
strontia,  JMO 
tiOt348 
line,  343 


:\ 


«.  :  WW0P>'tie».  156  A^ilre.    See  Po<a#M,  Ditwte  qC 

.  .    J^"^  ^2b^       obtaiiimg,  Jfunc  acid,  conipotition^l44 

propeKi^  of,  147 


/I  ■ 


iti    fitfractioi^    *(br 
.  ; ,     water,  130  '*  ^ 
beconiet  liquid  nii- 
der  pressure,  1S9 
e(ber:544 
.    , .      ,  acid  liquid,  132 

nature  of,  133 
Murray  Tix  formula  for  ani^Wtis  of  ii|Ui« 

.  era!  waters,  .464 
J$}^1^^  converted  int6  fat,  552 
comppuent  parts  of,  570 
Hlu%9Ukdo  vugar,  47 1 


proceM  fqf  fiireimipg,  145 

parifiqatipD  of^  14a 

e&ct  or%ht»  14a 

tt«ef,  \4&  . 

proporUoQ  9f  1^  or  dij 
DitDic  acid,  id  100  parU 
0/  the  Ijquid  acid,  145 

repreaeutiltive  nmiiber  oL 
144 

decoDipositjoiv  q4  148 
«(her,  543 

oxide,  140 


»i»f^rooyu,  peculiar  iobttance  extract.  AV/riciiw,  supposed  bate  of  nitmen 
ed  from,  534  I3<j  ^    ' 

'  Xutical  sounds,  from  burning  hjdro-  Mfrvr en  gas,  136 

.         fW  gas  under  a  tube,  119  bow  procured,  136 

Jtfynca  unftra,  berries  of,  oontam  wax,  jt,  propertiel^'m 

4»1  weight  of,  137 

with  iodioe,  151 
composition  of,  137 
compounds    9f     qxj^tt 
with,  137 

^ '  combines  with  chlorine. 

142  ^ 

gaseous  oxide  of,  SecM- 
trout  Oxid^ 
Miro  liudc  acid,  570 
ffUro  muriatic  acid,  149 


Jlfyrictn,  492 
Myrttt-wax^  4^ 


JVaj>A(/^  507 
JfaphtkoHru,  507 
Jfareotie  principle,  502 
JITareo/tne,  504 

process  for  obtabing,  504 
properties,  504 
^tutratigation^  13 
J>ri€ket9  method  of  purifying,  408 

properties  of,  408 

chlorides  of,  409     « 

iodide  of,  409 

snlphuret  of,  410 

sulphate  of.  410 

carhonate  of,  410 

how  to  detect  small  quantities 
of,  411 


Mtro'tacchatine  acid,  569 
^itrout  acid,  143 

formation  of,  143 
composition  of,  143 
gas,  140 

properties  of,  141 
oxide,  138 

quantity    absorbed    br 

water,  138 
mode  of  obtaining,  138 
properties,  139 

effects  ofrespiring  it,  139 
Jfuiltua  of  crystals,  9 


AmTm. 


o. 


Oti,  Dippel>  Mi«wl,  5^1 

of  vitriol.    5«e  JMfhmie  jScid, 

.  oljirtt  otethod  of  ancertainiDg  iU 
Swwily,  492 
OiZ#,  aiii^f4,if7l  . 

£x^d,  J)ow  obtained,  492 
;^,    with  alkalies  form  loapy  494 
rencUr^  ^ry'm^ky  meiallio 

•I^D(Mnf)oil».«iMBl>u«tion  of, 

Tolatile,  or  esttptial,  495 

Mtioo  of  aci^a  on,  496 
mode  of  d«ti)f  ting  their 
ac^UUration,  496 
Olefia9il^*$^  ^Mtbod  of  prowring,  909 
.     ^ppoportiei  o4  210 

actiouof  OihWine  0D|  210 
OUie  acid,  57^ 
OUvile,  493 
Onion,,  juice  qf^  coplaim  (agar,  533 

^rganit  and  inorgasic  coygapoundi,  dis- 
tinction belw^eii,  467 
Orptmen/,  394 
O«i««as0me,  5*20 
Osmium^  423 

o&idie  of»  424 
OxaUie  of  ami^Qia,  513 
liak%516 

calculi,  562 
potMia,  614 
OxtUie  timif  w^  of  aa  a  tost,  513 

mode  of  obtauiMw,  512 
proportiet  of,  513 
cofnppiition  of,  513 
found    native  in  Tegeta* 

biei,  512,  (nO 
a  poifroo,  when  taken  in- 
ternal]/, 513 
Oxidmtum^  82 

difi«rent  itagei  of,  82 
Qridt^  cystic,  567 

xanthic,  567 
Oxidtf^  bow  produced,  99 — ^246 

their   tohibiUtj    prqyortionate 

to  their  oxygen,  247 
nomenclature  of,  82 
hjdrosalpbaretted,  251 
Oxfgtn^  not  the  sole  principle  of  acidi- 
ty, 99 
coiupoonda    of     combaitible 

bates  with,  99 
<|yantitj  of    combined    with 
metals  influences  the  action 
of  acids,  247 
proportion  necessary  for  the 
solution  of  different  metalt, 
247 
gaa,9S 


Qt|ye»^fMVfit<«r<d'A»t»ieBiyatfl' 
« stsq^es,  95 
its  pcepeitieit  116 
weigtitof,  86 
diminislied  m  «o«MaUoi, 

87 
absorbed  bj  bodies  bum- 

ed»88 
•  H#  WP«#n  produces  an  ox- 

uiMllual  qoinity  of  necet- 
sarjr    to   diiferent   ani- 

aMPciieMly ..  absorbed    by 
.  .tJH^i»)qfiit  96 
l^thr.hfilrofen  forms  wa- 

OMibivntion   of  nitrogeii 
liA^  U7 

«Qm|Miiifldn   of    ehkirine 

.    vitklOS 
0:c3rc|ini^aeiii«.2aff 
Oxyiodaiti^  1 13 

Qnodic.md.  llj^. 

Oxyiodety  113 

Oxymuriaiic  9M» .  8^  CAiortnt. 

Oxfmurif$%t^    ^  CJlioride9, 

..    ^ 

Palladium^  425 

oxides  of,  426 
snlpburet  of,  426 
Panenatic  Juice,  560 
Paptr^  dark  blue,  round  engar  kMKrai, 

as  a  test,  ^13 
Peorlt,  676 
Putie  acid,  522 

how  obtained^  52t 
propieities  of;  622 
PsmtImJ^  270 

method  of  ascertaining  the 
real  ^oantitjr  nf  alktJI  in, 
271 
Ptarl-whUt^  373 
Feaf,  608 
PUehblen4h  379 
Perehloric  aoid,  107 
Ptfostiduj  106 
Per$firaiim%  finid  of>  679 
PelroUwn,  507 
PevfteTn  349 
P/umemy  489 

how  prooQied,  489 
Phlfigui^n,  98  - 
PhoMgene  gas,  ^07 
Photphai$  of  <¥tm\  33o 
iod^L283 
lelMiv^6 
ammonia,  187 
baryU,  307 
lime,  298—563 
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PkmfktOe  of  HiM,  oil0i|Mi  9M 

ftilver,  493 
PhoiphatU  ucM,  187 

Pkosphoriy  •«lar,  €1 
Mm^AmKc  Mid,  M5 

method  of  pfeparinf , 

IW 
fUok),  186 
'pMf  «vlie«  of,  186 

pHiiporties  of,  185   ^ 
M^jfJUHus  lai  ohnmotot,  18t 

oo«i|Mdiidv  with  osygoo* 
•.'     184  ■  * 

wifh  Mtfte,  188 
I  '        '    BiOilo  tif  ^MaiiiiBg,  181 
Bttklwh^i,  295 
Ccmtoii^i^  61 

iU  oouMfiAUon  with  ehlo- 
'  tId»,  198 
and  broiiiiDC,  188 
wHhnilpfailr,  19t 
BoloffillMi,  61 
bihjrM>f«Kf  of,  1tl 
Ptiotphunt  of  otfhoD,  St5 

oopp«r,  S5>,  (m^) 
gold,  448     • 
liihe,  887 
potaMfiiiiiM  870  » 
Ph»sphurti9^  neUllic,  243 
Ph9ipkunUed  bjdh'ogen  gM,  prepara* 

tion  of,  188 
Ph^tonuier,  60 
Picfnuly  559 
Ptcro/Mf «,  605 
PtficA6«€ifc,  359 
I^^Mfine,  686 
Pilch^  mioeral,  587 
Ff/^o«2,508 
Plaster  of  Paris,  296 
Pla/tm«vi,445- 

pr^perfioi  •#,  446 
oxidet  of,  446 
tMt  of,  448 
■poMgy,  447 


action  on  hjpdrofen  and  oxj 

gen  gaioa,  447 
chloride  of,  446 
Milpharet  of,  448 
biilphatc  of,  448 
muriatci  of  at  a  ttit,  448 


^  P^lifthroiie,  479 
PolasM^  preparation  of«  268 
properttee  off  261 
bydrated,  260 
component  paMf  of,  2M 
iub-carbonate  of,  270 

aetbod  ofeb. 
fainin^,  271 
bi-carbonate  of,  873 

Kt    me  M  a 
'     teat,  S72 
«       .  cbMiate  of^  263 

bin*Mniate  of,  380 

ooMiilbaio  of,  408 

mode  of  aacertaiaiiif  its  pori- 

nilpbate  of,  288 
bi-iulpbate  of,  268 
•olpbite  of,  268 
bydib'tttlpbnret  of,  268 
bj  dfoguretttd    e«lpb«f«C    of, 

268 
nitrate  of,  265 
nitrite  of.  266 
'  muriate  of,  261 
chlorate  or  h/per-osyiniiriate 

of,  262 
artenite  of,  990 
molvbdate  of,  388 
oxalate  of,  514 
bin -oxalate  of,  514 
.quadroxalate  of,  514 
citrate  of,  517 
tartrate  of,  510 
bi-Urtrate  of,  509 
acetate  of,  547 
ferrocyanale  of,  272 
ohromate  of,  402 
•oipltateof  aJumioa,  nod,  M 
perch  lorale  of,  264 
iodate  of,  264 
hj'driodate  of,  264 
'  phosphate  of,  270 
fubphoftpbate,  270 
pQtmsk  of  commeroe,  271 


method  of 
tainin|;  the  real 
quantity  of  al< 
kali  in,  2t2 
detection  of   adulterattoa  o^ 
272 


ethereal,  aolution  of,  448  P^Uusium^  255 

alloys  of,  449  mode  of  procnrhii^,  255 

fuloiinating,  448  Ha  propcrtiet,  259 

a  alow  conductor  of  caloric,  oxides  of,  269 

.445  itfi  action  on  water,  258 

amuionio-mnrrate  of,  447  chloride  of,  261 

Plumbago,  3  )5  h vdroret  of,  265 

coropoiiliiH]  of,  335  pnotphuret  of,  269 

PlumberU  aolder,  365  aulphuret  of,  267 

PneumaiO'Chtmital  trough,  84  alloy  a  of,  277 

Polarisation  of  Nght,  57  alloy  of  telhiriom  wic^  38T 

calorific  mya,  68  PolOMHureted  hydrogen  gaa,  265 

r^lhfiin.  530  Potato^  atialyaia  of,  473 


iKidgf^  §15 

FruipUaU  ptr  ««,  red,  413  .A&#<ftum,  oside«»^  48& 

FredpUaUiy  apfAntiu  for  ^rjiug,  50,  ilocAel/e  lalt,  511 

(d.)  iioiif  e,  530 

Precipitaiian^  17 

jaiB  for,  viii  S* 

Prenuri^  ioflueiice  ob  boiling  point  and 

formation  of  vaponr,  47       -  Sauharatt  of  lead,  472' 
PrimUiv  formSf  10  AMc/kote/M,  558 

Printers^  ^7P<^*i  371  Saclaetic  acid,  558 

PrmpmiivM.  in  whiob  bodies  combine,  Saftty4amp^  cemtrnetieii  «f  |Ur  H. 
19  Davy'e,  tl3  > 

generally  deAntte,  SO  principin  of  its  opmtion^ 

multiplet  of  eaob  otber,  20  %%. 

in  Tolumet,  26  Sk^fUmtt^  529  a 

Fre£e*eA2eru(e«,  261  Sago^  476 

Proloxidtt^  260  Sal  ammaniac.    See  .ilitimontey  mwH 

PnwMon  bine,  metbod  of  preparingi     ate  of. 

336  Sal  prunelle,  232 

Prutiiaie  of,  pofaira,  triple  275  Sahvm^  560 

Prame  aoid,  mode  of  obtaiining,  219  component  parts  of,  560 

PwpU  powder  of  CassittS,  347  Stdf^  476 

Purpuric  aoid,  663  Salty  common.    See  5oie,  mnriato  of. 

Puty  560  of  sorrel.    See  0«efie  Aeii* 

PitirrfacHm^  561  petre.    See  Pctag^a^  nitrate  of. 

resisted  bj  cbarooal,  193  spirit  of.    See  MwiaHt  jidi, 

retarded  by  ovbonic  acid,  SdUt^  99 
552  insolub1e»  diraapted  by  Chilvan- 

PyriUst  iron,  333  ism,  74 

copper,  356  nentral,  22 

PyroUgneoMM  acid,  546  Sand  in  nrine,  566 

PfronuUr,  28  SareoeoU,  480 

Daniels  29,  (n.)  Saluraiion^  '4 

i'yremtiroiit  acid,  470  Seah  of  eauiyalenti,  24—689 

Pynphorut^  Hembeig^  321  SeaUi  of  fish,  574 

Scarlet^  solotion  of  tin  nsed  in  dyeing, 
Q.  490 

SetfaftVe  salt.    See  Aemetc  •tfcid. 
^iMdresoioie  of  potassa,  614  Stigntit^i  salt,  511 

quicktilvr*    See  JVarcury.  5eleiita<e»,  237 

Qut//«,  571  SeUnic  acid,  236 

Qtttnia,  526  Stletuum^  234 

5eleniure<f «!  hydrogen,  237 
R.  Serosiiy,  554 

Ssrttm,553 
/UiianI  heat,  36  •S<«9«vc«r(efiflto  of  soda,  286 

JUy«,  InminoQi,  59  iSfcsiit,  673 

deoxidning,  69  SUica^  231 

heating,  69  metbod  of  obtaining,  231 

RMtgenl»yA6A  properties  of,  231 

Rtalgar,  394  Siliei-Jluorie  aeid,  232 

Rtd'httdy  36 1  SaUon^  229 

iiegu/tt«  martbl  of  antimony,  371  oxide  of,  230 

Ji<nJMf,  556  bow  obtained,  230 

RentHy  vegetable,  498  properties  of,  230 

analysis  of,  490  aetion  of  alkalies  on,  23 1 

Acjptra/tofi,  578  sutpbaret  of,  233 

prodnoes   carbonic   acid,  ai»tiottolob]offineoii«>S38 

678  potassinm,  233 

effect  of,  on  the  blood,  679  i^nys  of,  463 

KtU  mueo#iim,  666  Silvtr^  properties  of,  426 

Rttinaaphattu$i^  508  tsrniffhtef  of,  427 

Rhtwn  palmahlm,  624  oxide  of,  42B  ' 

KAo<fiyjir,  426  ohlorida  of,  428 

alloys  of,  425    .  .  chlofate  of,  429 


Siiwr,  tolphate  of^  49^  ^S^fteuhan  qiebl)  3lt  ' 

bromide  of,  430  i^inm^  volar,  iMrt^tttt^  li^  of,  57 

nitrftte  of,  490  ^pelire^  34 1 

its  nae  M  a  teit,  431  Spermaieti^  Sit 

Acetftte  of,  64d  Sjririt^  proof,  5S8 

puriAoation  of,  4S7  of  wine,  536 

horn,  429  Stannk  aeMy  34t 

fulminatiDg  oompoundf  of^  43S  Siarek^  a  delicate  tetfC  of  ieditie)  1 

•o]?ents  of,  490  174 

^hMpbale  ei;  433  eoDt«rt«A    kMo   tngvr    in    fbe 

allojs  ot  436  procesi  of  naNoig,  4'7S 

•mdird,  406  mode  of  obtainiiig,  473 

•ulpfaaret  of,  43t  ptopefties  of,  474 

aaiajr  of,  437  method  «f  eoBrertio^  it   into 

JtmOer,  359  aogar,  475 

SiMMj  669  analysis  of,  473--47S 

Sldn^  568  Starchy  Tignin,  4n% 

SmaU,  379  Sieam.    See    V&pour^  -lafent  beat  of, 

SmtUt,  destroyed  by  charcoal,  193  49 

Soap,  494  is  itmsfbYe,  SI 

disso] Ted  in  alcohol,  as  a  test,  494  apphcaMe    to  the  fmrpeee   ef 

ttaMpavtst,  494  heating  bedtet,  60 

Seda,  preparatMO  ot\    See  Fioiiuia,  SUariiu^  493 

properties  of,  {260  SUtl^  a  compound  of  ireii  attd  o«bott, 

bo«  diMiftgttisbed  freaa  potassa,  33B 

280  cut,  ^6 

eofiiponent  fwia  ot,  979  new  alloys  of,  340 

bi-carbonate  of,  284  S/iU,  common,  125 

carbonate  of,  284  Stones^  analysis  of,  450 

arscDiate,  391  iS/ren/to,  propertiet  oi^  909 

snlpbate  of,  282  carbonate  of,  311 

bi-sulphate,  283  aulfifcAte  of,  310 

sulphite  of,  282  nitrate  of,  3l0 

nitrate  of,  282  muriale  of,  309 

•blonte  ei;  301  chlorate  of,  309 

phosphate  of,  283  SironHum^  309 

siib^boratt  oi,  286  *           chloride  of,  309 

iodate  of,  282  Sirychma^  504 

citrate  of  517  how  obtained,  605 

acetate  of,  547  properties  of,  505 

tartrate  of,  51 1  Sybberate  of  soda,  286 

»9ddtiim,  278  SubcarbonaU  of  ammonia,  202 

chloride  of,  280  potawa,  270 

decomposed  by  ear-  soda,  284 
bonaile  of  polatia,  SubtMoriie  of  lead,  362  . 

281  Suher,  482 

iodide  of,  282  Suberic  acid,  482 

propertwa  of,  278  SubHmaie^  corroaiTe,  414 

oxides  of,  280  SuhmwritUe  of  copper,  396 

amalj^am  otf  286  mercury,  414 

iSelar  phosphoric  6 1  SvJmitraie  of  lead,  363 

Soldert^  365  Sub-nJphMU  of  copper,  9ST 

iSoitif#,  expansion  of,  by  heat,  98  mercury,  421 
abf'crb  heat  ia  beeamhtg  liquid,  Succinates^  500 

4-i  Sucdnie  acid,  560 

Soluiion  defined,  4  Sugar^  471 

eieciN  of  miauta   division  of  preparation  of,  471 

bodies  on,  15  obtained  from  several  ve^a- 

generally  prodacea  cold,  44  blec,  471 

SorMc  acid.    See  «Mtf £ie  «dtttf«  from  grapes,  491 

Sorrei^  salt  of.    Sae  CkemUe  JMd,  equivalent  of,  472 

Spar^  calcareous,  290  properties  of,  472 

SpeciJU  mvity*    See   Qta^ty  specie,  component  parts  of,'49t 

oaKtfic.    ^e  Cub9ric.  sti^rch  caaTerHMt  Into,  475 
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Sugary  renders  nitMnit  aeid  a  eokcBt  SulpktLK^t  of  coMl«  378,  (a*) 
of  manganete,  386  manganece,  3^6 

animaJ,  472  nlo^yhdellnm»  400 

of  lead,  548  SulphureU^  metaUie,  24S 

of  milk,  558  Sulphuretted  bjdrogen,  176 

Sulphate  of  alomina,  330  T^^iU,  jg^f^}^^  173 

anmonia,  176  te»t  of  tead,  364 

aminoniaandmagneeiB,3I5  test   of  arannic, 


baryta,  306 
bMiDUth,  374 
copper,  356 
iron,  333 
lead,  364 
lime^  296 
litbia,  288 
nagDeaia,  314 
mercury,  491 
potawai,  268 
iHven  433 
•oda,  28S 
ttfontia,  3IO  •  ■ 
tin,  349 
zioo,  343     « 
Sulphiie  of  ammmiia,  168 
•    '     :        baryta,  305'  , 
lime,  296 
magneiia;  914    . 
potasfia,  268 
>oda,  282 
copper,  356  >   • 
.'  '    •    lead,  364  ' 
Sulphiiety  i«%}bnretjtod,  168 
Hulphoeyanic  acid,  221 
Sulphur y  purity  of,  165     ' 
propertieii  of,  164 
contains  bydro^en,  166 

oxygen,  165         * 
combustion  of,  166'' 
alcobol  of,  223  <  *    .,/      .n 
iodaCe  of,  176  •    . ; 
ooi»Unalio^  of  eUorioe  ,tM1i, 

1  r 


397 
gas,  quantity  of 

abtorbeil    by 

wat«ie»  176 
gaa»   -modes    of 

proouring,  176 
properties      of, 

177 
wilb  alkalies  and 

eATtht    focsif 
<  bydrofulphu- 

retf,  179 
li4«ef^c1iioil    9C 

176 
sulphites,  168 
Sulphuric  acid,  168 

of  Nordhauseo,  173    \ 
apl^dfoosf  173 
component    carta    ot 

169 
■  purification  of,  172 
deoooipMition  of,  172 
•manufaotiire  of,  168 
>  theory,  170 
<ne  of,*  172 
'  owtbod  of  aioefft^iig 
♦     <   ihesirength  of,  169 
<    glaoial,  173 
^       quantity  of,  in  acid  of 
difiertnt      densities, 
•     '♦  botv  ascertained,  170' 

natife,  175 
etiier,  5^8 


I  t  •  ■>  ■  < 


J^^i      .    /l^."  ^«*^P^t*»'»w'«»Qd,  formation  of,  165 

phospbMt ^,  I9t.  =^  component  Wm  •t 

combmattoo  of  metab^  «iifb»  iM  ,  i.         .t^  „  . 


243 
milk  of,  165 
Sulphurei  of  potassiam^  267 

sodiasa,  28S,  (n*) 
Hme,  295' 
CalboD,  £23 
iodine^  176 
gold,  442 
silvec,  432 
mercury,  420 
fialladiaD,4t6 
coppery  356 
<    iron,  933'       / 
'^    '    niokel,  410 1 
tio,:34d^        r    ., 
lead,  368  > 
line,  343    . 
bikBtttb,  314 
antim'<H)y,/369-* 
arsenio,  3^4.    ; 

78 


convertiMe  into  snl- 
pburic  aoid,  167 

Sunbaamfy  conmt  «f  tbree  kinds  of 
rays,  69 

Super  oxalate  of  potassa,  514 
Super  sulphuretted  hydrogen,  180 
Sup9f tartrate  of  potasca,  510 

,  a6ui,  511 

i^pMhftte  inks.    See  hiktt  d74t^*377 

Synovia^  561 

SyntheHt^ft^.  .    ... 
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^  rflWow,  571 

*  Tan,  from  gall?,  483 

properties  of,  483 
action  on  gelatin^,  483 
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616  Indtx. 

I^qoaolHx    allbrded     \ff  diffinreot  7^  «ncBmle  of,  9»l 
burks,  4a3,  (n.)  Difrate  oi;  348 

artf6ctfJ  foroMtioD  of,  483  nuDriate  of,  347 

Tmmait  of  lead,  483  Ditro-mariate  of,  347 

T^mnm,  483  acetate  of,  548 

Tmnnm-gelmiuu^  483  sulpboret  of,  348 

Tmntmlwnj  Um  mmo  with  colttmbiam,  alloji  of,  349 

407  Tineal^  285 

Tapioca^  478  Titanium^  381 

T^r,  mitioral,  507  metallic,  38t 

TWr/ar,  eraam  of,  509  Tiianie  acid,  38t 

•OMtic.      See  Antimmty^  tar-  rem^ae,  359 
tarised,  511  Treoc/e,  471 

•olable.    Sec  Fo/omo,  tartrate  2Vtp(e  calculnt,  588 
of,  510  7V«6e»  droppiiu^,  458 

Titriolated.    See  FofotM,  lol- 7Wi/»#,  •ingolar   svbslanoe   frooi   tbc 
phate  of.  pollen  of,  530 

yWf«r»«  aoid,  mode  of  obtainin|r,  509    Tvngtiatt  of  Krae,  404 

propcrtiei  of,  509  ammonia,  406 

aoaljti*  of,  509  7Vfi|f#/cn,  charactefs  of,  404 

TtaimH  of  potaeia,  5 10  analytia  of,  404 

and  soda,  51 1  nilpboret  of,  408 

Tenrt^  581  chloride  of,  405 

Ttfth,  575  oiidei  oi;  404 

Telkw^fs  388  Tungtlie  acid,  mode  of  obtaining,  404 

TtUwrttti  1tjrd««8«o  §»♦  38^  propertiea  of,  405 

T^avffimm.  ;J85  Ttirpd*  miiienl,  421 

acidifiable,  386  TVir/,  508 

bjdruret  of,  387  Turmrric,  523 

compound     of     hydrogen  TwrptntvMy  oil  of,  499 

with,  387  oon?erted    into  a  kind  of 

action  of  nitric  acid  on,  386  eampbor,  488 

oklorioe,  386         7ii/fna^,359 
T^mfwMurt^  chancre;  of,  produced  by  TVpe-meloi,  371 

chemical  union,  15 
infloenbe  of,  on  chemical  U. 

affinity,  16  *         *    •   ^    , 

what,  31  C/7mtn,479    ' 

«  method  of  ascertaining,  Uraniunh^  379  ■ 

31  Uratt  of  ammonia.;  •587 

change  of,  produced  by  Unm^  m«thod  of  obtaining,  584 
solution,  44  properties  of,  584  - 

TkmptHfig*,  339  elemetflk  of,  584 

Tenact/y  of  different  metal?,  244  UmB  aoid. -582 

TVndoniii  570  calculus,  566 

Tett9y  458  UrisM^  sui^ar  found  in,  588 

77i«nnoiiuler,31  gravel  In,  588 

its  constructson,  32  calooli  in,  586 

rules  for  redaoing  gasei  distillation  of,  683 

to  a  mean   height  of  substances  in,  582 

the,  94,  (n.)  changea  of,  in  diieaiea,  565 

differential,  34 

Wollaston^f,  for  measur-  V. 

ing  height*,  47 
27Unit«ni<<erf ,  various  correspondence  Vacuwn^  radiation  in,  37 

betMreen,  32  boilfaig  tn,  47 

TTiotacic  duct,  fluid  in  the,  577.  evaporation  in,  51 

TVn,  chloride  of,  346  Vapour^  caloric 'Hie  cause  of,  28 

precipitation  of  gold  by,  441 — 347  influence  of  prespure  on,  47 

muriate  of,  te*t  of  mercury,  347    Fff^ourf,  latent  boat  of,  49 

properties  of,  345  ^    Vamuht^^  501 

oxides  of,  346  VtgttabU  acids.    See  AMt. 

amaVam  of,  349  eitract,  479 

f  iiiphate  of,  348  jelly,  470 
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reg$itibU  tobfttanoM,  465  ff^ite,  how    procured    bo    a    Wack 

analjtit  oi;  465  croond  m  calico  prntiog^  4»1 

r«e/a62e««  growth  of,  afieofed  bj  oar-  Jwd,  356 , 

boBic  acid,  199  »^W/e  dai,  . ,    ^  . 

proximate  principles  of,  466  JPttie,  testa  of  the  preMnoe  of  load  in, 
general  laws  respecting  the  385 

composition  of,  468  oil  of,  542 

acids  found  native  in,  509     Wirei^  tenacHj  of,  244 
fixed  oils  obtained  from,  492  Wolfram^  404 
Ferdigru,  548  fVolUuionU  theory  of  crptab,  11 

f^erdUer,  358  VF^od,  qnantity ,  of  ^}^J^  •^<^^^ 

VermiUim,  420  by  different  kinds  of,  192 

rmtgttr,  546  ^oadS  *»»•>  481 

distilled.    Set  Aeetoui  4cid.  Wook  Bll  ^,    ^ 

Vtnow  fermentation,  535  Waulf^f  apparatoi,  102,  (n.) 

rtfrioZ,  blue.    See  Copper,  snlphate  of,  IFooto,  389 
356 
gteon.    See  Jren,  sulphate  of*  X. 

white.    See  Zinc^  sulphate  of. 
VoUaU  eudiometer,  160  '       Xanihie^  oxide,  S67 

pile,  70  ^ 

Volumu^  theory  of  combination  by,  25  <  • 

W.  Te/lotr,  mineral,  or  patent,  362 

dyes,  489 
JTarf,  black,  323  .    FWrta,  240         ,_^.  .^    ^^^ 

W^a/er,  suppoiod  not  to  cobdpcl  heat, '  method  of  obtaiirfag,  240 

43  its  properties,  241 

is  a  slow  conductor,  43  precipitated  by  prussiatef,  241 

compokition  of,  121  TUrium^  240 

proportion  of  the  elemento  of,  phosphate  of,  241,  (n.) 

,  analysis  of,  123.  .  Z, 

,  properties  and  effects  of,  125 
contains  air,  126  Zmffre^'VtB 

qveirf  itiee  of  gases  absorboil  by  ^  Zafne,  583 

126  Z^monu,  477 

oonttiined  in  the  atmosphere  in  Zine^  340 
"     •      the  dHeit  weather^  168  aMoys  of,  34* 

analjrsif  .1^  galvanism,  1?4  arseniate  of,  391 

•  living     regetables,  acetate  of,  548 

' .  \f4  ■  purification  >of,  340 

r  .  .     <ore«(n   ^uManoes   ip,  properties  ot  344 

124  chloride  of,  342 

compresMble,  125  oxkte  of,'841 

onygonalod,  127  lodate  of,  342 

expands  by  cold,  31  solution  of,  m  hydrogen  gai,  343 

decomposed  by  galvanism,  71  (n.)  '  "^ 

apparatus  for  showing  the  com-  snlphatt  o^  343 

position  of,  122  nitrate  of,  342 

apparatus  for  showing  the  de-  muriate  of,  342 

composition  of,  72—123  tulphuret  of,  343 

danger  of  leaden  Tessels  for,  360  photphnret  of,  344 

Waien^  minjeral.    See  Mineral  Waters.  carbonate  o^  344 

Wax^  491   "  Ztrcofita,  method  of  obtaining,  439 

WeighU^  absolute,  of  gases,  91,  (n.)  its  propertita,  239 

Welding,  445,  (n.)  Ztrcontum,  238 

Weliher'^t  tube  of  safety,  104,  (n.)         ZumU  acid,  522 
Wke^  567  Zoop*y(w,  674 
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